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TRANSACTIONS    OF    THE 
CANADIAN    MINING    INSTITUTE 


PRESIDENTIAL    ADDRESS. 
By   Alfred  E.    Barlow, 

Aninuxl  AfeeJiiiy,    Montreal,   1914. 


"I  do  not  propose  to  weary  you  with  a  formal  address,  but 
shall  instead,  with  your  permission,  comment  briefly  on  the 
recent  progress  of  the  Canadian  Mining  Institute  and  of  the 
industry  it  represents.  Before  doing  so,  however,  may  I  take 
this  opportunity,  since  at  the  close  of  this  meeting  I  shall  retire 
from  the  office  which,  by  your  suffrage,  I  have  occupied  for  two 
successive  years,  to  express  my  appreciation  of  the  honour  I 
have  received  at  your  hands  and  to  thank  you  for  your  in- 
dulgence, your  loyalty,  and  your  syrnpathetic  and  ready  co- 
operation on  all  occasions.  To  be  president  of  the  Canadian 
Mining  Institute  is  a  liberal  education.  By  reason  of  it  I 
believe  myself  to  be  a  better  and  a  broader-minded  man.  I 
can  only  say  that  during  my  term  of  office  I  have  had  but  one 
end  in  mind.  My  aim  has  been  to  advance  the  objects  and 
promote  the  interests  of  the  Institute;  and  I  am  proud  to  say 
that,  in  consequence  of  the  support  and  assistance  so  freely  and 
generously  given  me  Vjy  my  colleagues  on  the  Council  and  by  the 
members  generally,  that  these  efforts  have  not  been  entirely 
resultless.  The  increase  in  membership  during  the  past  two 
years  has  been  eminently  satisfactory.  It  represents  an  in- 
crease of  approximately  twenty-two  per  cent,;  but  these  figures 
do  not  adequately  indicate  the  gain  in  another  and  important 
direction.  Thus  in  the  early  history  of  the  Institute,  and  even 
in  later  'boom'  times  many  became  associated  with  the  society 
to  promote  solely  their  private  ends.  They  had  no  real  sym- 
pathy with  the  objects  of  the  Institute  and  when  it  ceased  to 
serve  their  purpose  they  withdrew,  or  ceased  to  pay  their  fees. 
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The  membership  losses  during  the  past  two  years  are  mainly 
attributable  to  the  resignation  or  removal  from  the  roll  of  mem- 
bers of  those  whose  interest  in  mining  was  ephemeral  only.  On 
the  other  hand  the  gains  represent  the  admission  of  men,  the 
majoritj^  of  whom  are  directly  and  professionally  associated, 
either  as  mining  engineers,  metallurgists  or  geologists,  with  the 
business  and  industry  of  mining. 

"During  my  term  of  office  two  new  branches  of  the 
Institute  have  been  established,  namely  the  Ottawa  Branch 
and  the  Rocky  Mountain  Branch.  The  latter  is  now  one  of 
the  largest,  while  it  is  certainly  one  of  the  most  active  of  our 
subsidiary  organizations.  This  satisfactory  state  of  affairs 
is  very  largely  due  to  the  zeal  and  energy  of  the  chairman,  Mr. 
W.  R.  Wilson,  of  Fernie,  B.  C,  and  of  the  Secretary,  Mr.  John 
T.  Stirling,  of  Edmonton. 

"A  few  words  by  way  of  explanation  may  be  said,  perhaps, 
respecting  the  removal  of  the  Institute's  headquarters  from  the 
Windsor  Hotel  to  the  Ritz-Carlton  Hotel,  Montreal.  The 
necessity  for  the  change  arose  from  the  action  of  the  manage- 
ment of  the  Windsor  Hotel  in  notifying  the  Institute  that  it 
would  be  permitted  to  occupy  its  quarters  there  as  monthly 
tenants  only.  The  Council  decided  that  such  an  arrangement 
could  not  be  entertained,  and  a  special  committee  was  accord- 
ingly appointed  to  ascertain  if  suitable,  centrally  situated 
quarters  could  be  secured  elsewhere.  The  committee  reported 
that  desirable  offices  could  not  be  obtained  at  a  moderate 
rental  in  the  immediate  vicinity  of  the  Windsor  Hotel;  but 
added  that  the  management  of  the  Ritz-Carlton  had  offered  the 
Institute  adequate  office  accomodation  on  a  three  years'  lease 
at  an  annual  rental  considerably  below  that  demanded  by  the 
Windsor.  They,  therefore,  recommended  the  acceptance  of 
this  offer.  The  recommendation  was  endorsed  by  the  Finance 
Committee  of  the  Institute  and  approved  by  a  large  majority 
of  the  Council,  to  the  individual  members  of  which  the  facts 
were  communicated  by  telegram  and  letter.  The  conditions 
necessitated  prompt,  action,  which  was  taken  accordingly. 
Meanwhile,  we  have,  in  our  new  quarters,  infinitely  more  com- 
fortable  surroundings,   in   that   the   offices   are   cheerful,   well 
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lijihiod  and  properly  hoiitcd;  while  reckoning  on  the  basis  of 
floor  area  the  rental  is  forty  per  cent  less  than  that  asked  by  the 
^Vindsor. 

"You  will  have  observed  that  Mr.  J.  M.  Gordon,  an  en- 
fhnsiastic  member  of  the  Montreal  Branch,  gave  notice  in  the 
January  issue  of  the  Institute's  Bulletin  that  he  proposed  to 
move  at  tl'iis  meeting  certain  amendments  to  the  By-laws  rela- 
tive to  the  methods  of  procedure  for  the  nominations  of  candi- 
dates for  Council  offices.  I  may  be  permitted  to  say  that  I  am 
in  hearty  sympathy  with  the  proposed  amendments.  I 
believe  many  members  share  my  views  in  this  respect.  It  is 
regrettable,  however,  that  w^hile  there  is  a  very  general  feeling 
that  a  change  of  method  is  desirable,  action  had  been  postponed 
heretofore  because  of  a  difference  of  opinion  concerning  the 
efiicacy  of  the  several  proposals  brought  forward  to  improve 
existing  conditions.  In  other  words  the  suggested  remedy,  it 
has  been  feared,  might  prove  an  aggravation  rather  than  a  cure. 
But  some  action  is  imperative.  Our  Institute  is  growing  apace, 
and  it  is  to  the  highest  degree  important  that  the  selection  of  the 
Council,  which  is  the  administrative  board  of  the  Institute, 
should  not  be  left  to  chance,  as  is  the  case  practically  under 
the  present  system  or  lack  of  system.  Those  in  close  touch  with 
the  work  at  headquarters  realize  more  strongly,  perhaps,  than 
members  elsewhere,  the  need  for  reform  in  this  direction;  hence 
I  do  not  hesitate  to  speak  strongly  in  advocacy  of  the  amend- 
ment of  the  present  By-laws  in  respect  of  nominations.  Even 
though  the  amendment  as  proposed  may  be  considered  as  not 
sufficiently  comprehensive,  it  will  provide,  at  least,  an  orderly 
and  responsible  method  for  the  nomination  of  candidates  to 
serve  on  the  Council  of  the  Institute,  whereas  the  present  pro- 
vision has  proved  in  operation  to  be  wholly  inadequate  and 
even  mischievous. 

"Before  my  promotion  to  the  presidency  of  the  Institute 
it  was  my  privilege  to  serve  for  several  successive  years  as  chair- 
man of  the  Publication  Committee.  In  that  capacity,  as  well 
as  during  my  term  of  office  as  President,  I  have  encouraged  and 
supported  in  every  way  in  my  power  the  endeavor  that  has 
been  made  to  im])rove  the  tone  and  quality  of  the  Institute's 
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publications,  and  to  ensure  that  the  typographical  workmanship 
shall  be  as  perfect  as  possible.  That  this  effort  has  not  been 
unavailing  is  attested  by  the  many  expressions  from  members 
and  others  of  appreciation  and  approval  of  the  high  average 
value  of  the  technical  papers  published  by  the  Institute  in  the 
more  recent  annual  volumes,  and  also  of  the  care  and  skill 
evident  in  the  editing  and  in  the  mechanical  ])reparation  of 
these  volumes.  The  credit  for  the  improvements  in  these 
respects  is  primarily  due  to  our  Secretary;  but  his  efforts  have 
been  seconded  by  the  Publication  Committee  of  the  Institute. 
The  Committee  at  present  consists  of  Dr.  J.  A.  Bancroft,  Mr. 
Charles  Fergie,  Mr.  J.  W.  Bell,  Mr.  John  E.  Hardman  and  Mr. 
John  M.  Gordon,  to  whom,  I  desire  on  my  own  behalf  and  on 
behalf  of  the  Institute,  to  tender  most  cordial  thanks  for  their 
unselfish  and  valuable  services. 

"In  the  course  of  his  speech  at  the  Annual  Dinner  of  the 
Institute  in  Ottawa  last  j'ear,  the  Rt.  Hon.  the  Premier  of  this 
Dominion  gave  assurances  that  the  Federal  Mines  Bill,  which 
was  framed  and  drafted  on  principles  enunciated  by  the  In- 
stitute, would  be  presented  to  Parliment  at  the  earliest  oppor- 
tunity. So  far  that  opportunity  has  not  occurred  apparently; 
but  I  have  explained  to  the  Minister  of  Mines,  the  Hon.  Louis 
Coderre,  the  urgency  for  the  early  passage  of  the  Bill,  and  am 
happy  to  be  able  to  state  that  the  measure  has  his  approval. 
In  fact,  I  do  not  think  I  am  betraying  his  confidence  in  adding 
that  the  Minister  expects  the  Bill  will  be  considered  and  passed 
at  the  present  session  of  Parliment. 

"The  Institute  is  also  interested  in  the  early  passage  by 
Parliament  of  the  Explosives  Bill,  which  aims  to  regulate  the 
manufacture,  storage,  shipment  and  uses  of  explosives.  The 
consideration  and  adoption  of  this  important  measure  has  been 
very  unconscionably  delayed.  The  appropriation  for  the 
maintenance  of  an  explosives  division  of  the  Mines  Branch  has 
been  voted  annually  by  Parliament;  but  there  can  be  no  exten- 
sive organization  of  this  division,  nor  can  work  be  assigned  to  it 
until  the  Explosives  Bill  has  been  passed.  The  failure  to  give 
due  and  prompt  attention  to  measures  such  as  this  merely 
strengthens  the  prevailing  opinion  that,  despite  the  well-known 
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i'lut  that  minin<i;,  next  to  a<>riculturc,  is  the  most  imi)ortaiit 
basic  industry  of  the  country,  it  fails  to  receive  from  legislators 
that  consideration  and  attention  to  which  it  is  properly  en- 
tilled. 

*'  It  is,  however,  satisfactory  to  record  that  at  last  a  Deputy 
Minister  of  Mines  for  the  Dominion  has  been  appointed  to 
succeed  Dr.  A.  P.  Low,  whose  health  has  not  permitted  him, 
for  some  time  past,  to  give  due  attention  to  the  exacting  duties 
of  that  office.  Dr.  Low's  successor  is  Mr.  R.  W.  Brock,  for 
over  six  years  Director  of  the  Geological  Survey.  Mr.  Brock 
is  a  member  of  the  Council  of  the  Institute,  and  has  always 
taken  a  keen  and  active  interest  in  the  work  of  the  society. 
He  has,  moreover,  always  kept  in  close  touch  with  the  condi- 
tions and  requirements  of  the  mining  industry  of  Canada.  In 
accepting  the  office  of  deputy  minister  of  mines  he  has  assumed 
heavy  responsibilities.  The  successful  administrationof  the  Mines 
Department  means  much  to  the  mining  industry.  Mr.  Brock, 
I  need  scarcely  say,  enters  on  his  new  duties  with  the  good 
wishes  of  the  members  of  this  Institute. 

"Last  summer  Canada  was  favoured  in  that  the  Inter- 
national Geological  Congress  met  in  this  country.  From  both 
the  economic  and  scientific  viewpoints  the  meeting  was  a  most 
important  one  and  was  without  doubt  an  unqualified  success 
in  every  respect.  On  behalf  of  Canadian  geologists  I  take  this 
opportunity  of  thanking  the  mining  men  of  the  Dominion  for 
their  co-operation  on  which  the  success  of  the  meeting  was  so 
largely  dependent.  Special  acknowledgment  should  also  be 
made  of  the  services  of  Mr.  W.  Stanley  Lecky,  the  Secretary  of 
the  Executive  Committee.  He  was  eminently  the  'man  for 
the  place,'  and  his  efficient  work  attained  to  the  dignity  of  a 
national  service.  One  of  the  outstanding  features  of  this 
twelfth  International  Geological  Congress  was  the  erection  of 
two  tablets  in  memory  of  Sir  William  Edmond  Logan,  founder 
and  first  Director  of  the  Geological  Survey  of  Canada.  Both 
tablets  are  of  bronze  and  are  cast  from  the  same  model.  One  has 
been  placed  near  the  entrance  of  the  Victoria  Memorial  Museum 
at  Ottawa;  the  other  at  Perce  in  the  Gaspe  Peninsula,  Quebec. 
No  man  has  done  more  than  Logan  to  demonstrate  the  inter- 


8  Presidential  Address — Barlow 

pendence  of  mining  and  geology  and  in  recognition  of  this  fact 
mining  men  and  geologist  throughout  the  country  were  in- 
vited to  subscribe  to  the  memorial  fund. 

"In  my  presidential  address  last  year  I  emphasized  the 
national  importance  of  mining,  pointing  out  that  in  a  consider- 
able degree  the  future  prosperity  of  Canada  rests  on  the  dis- 
covery and  exploitation  of  mineral  resources  within  its  borders. 
Of  the  3,750,000  square  miles  representing  Canada's  total  area, 
2,000,000  square  miles  are  underlaid  by  rocks  which  give  promise 
of  holding  mineral  deposits  of  economic  importance.  At  pres- 
ent we  are  not  doing  enough  towards  acquiring  knowledge 
respecting  the  natural  resources  of  our  great  hinterland.  By 
the  rate  we  develop  our  mineral  resources,  especially  those  of 
coal  and  iron,  shall  our  industrial  progress  and  our  standing 
among  civilized  nations  be  measured.  While  our  coal  mining 
industry  has  made  a  steady  and  a  substantial  growth,  the 
industry  of  iron  mining  is  an  entirely  insignificant  one  in  Canada. 
It  is  therefore  essential  that  steps  should  be  taken  to  remedy  this 
condition.  A  preliminary  effort  to  this  end  has  already  been 
made,  and  recently  a  strong  and  well  supported  movement 
was  inaugurated  the  aim  of  which  is  to  secure  for  the  industry 
some  assistance  from  Government.  This  suggestion  is  em- 
bodied in  the  form  of  a  resolution,  which  is  prefaced  by  a  brief 
but  forceful  recital  of  the  principal  facts,  and  was  presented 
the  other  day  to  the  Toronto  Board  of  Trade.  The  resolution 
reads  as  follows: 

"'Whereas  in  1902  Canada  produced  400,000  tons  of 
iron  ore  and  in  1912  produced  216,000  tons,  or  a  reduction 
of  46  per  cent.;    and 

'"Whereas  the  imports  of  iron  ore  increased  from 
560,000  tons  in  1902  to  over  two  million  in  1912,  or  an  in- 
crease of  225  per  cent.:    and 

'"Whereas  in  the  Province  of  Ontario  the  production 
of  iron  ore  has  decreased  from  56  per  cent,  of  the  amount  of 
iron  ore  used  in  1901  to  6.3  per  cent,  in  1912:    and 

'"Whereas  Canada  has  immense  deposits  of  iron  ore 
that  should  be  developed, 

'"Be  it  therefore  resolved  that,  taking  into  con- 
sideration the  above  figures,  which  show  so  much  to  the  dis- 
advantage of  Canada,  the  Dominion  Government  and 
Provincial  Legislature  be  asked  to  take  such  measures  and 
render  such  assistance  to  the  mining  or  treatment  of  Canad- 
ian iron  ore  as  will  keep  this  immense  trade  in  the  Dominion 
to  be  developed  for  the  benefit  of  the  Canadian  people.'" 
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"By  a  reference  to  the  records  of  the  Institute  I  find  that 
wc  have  not  been  altogether  unmindful  of  the  need  of  encourag- 
ing the  development  of  our  iron  ore  resources,  for  at  the  annual 
meeting  held  at  the  City  of  Quebec  in  March,  1906,  Mr.  A.  M. 
Hay  moved  and  Mr.  Eugene  Coste  seconded  a  resolution  that 
favoured  the  payment  of  a  bounty  for  a  term  of  years  of  $3 
per  ton  on  pig  iron,  the  product  of  ore  raised  or  mined  in  Canada 
or   Newfoundland.      Whether  or   not  this   proposal   would,   if 
adopted,  produce  the  desired  effect,  it  is  nevertheless  certain, 
in  view  of  the  discouraging  nature  of  the  statistics  of  Canadian 
iron  ore  production,  that  some  decisive  measure  should  be  taken 
to  improve  the  situation.     It  is  confidently  believed  by  many 
that  Canada  is  possessed  of  vast  deposits  of  iron  ore.     The 
geological  conditions  entirely  favour  such  a  belief.  But  we  have 
no  present  knowledge  of  the  character  or  extent  of  the  natural 
resources   of   a  large   part   of   our   hinterland,   w^hile   the   pre- 
liminary explorations  and  reconnaisances  of  a  small  portion  of 
the  region  have  been  too  hurried  to  do  more  than  give  a  very 
general  conception  of  the  potentialities  of  these  areas  in  respect 
of  the  existence  of  minerals  of  economic  value.     Canada  has  a 
well  organized   Commission  of  Conservation,  that  under  the 
direction  of  the  Hon.  Clifford  Sifton,  and  of  his  assistant  Mr. 
James  White,  is  doing  excellent  service  for  the  country.     In 
fact  the  value  of  Mr.  White's  work  has  been  so  fully  recognized 
by  the  Government  that  he  was  promoted  recently  to  the  rank 
of  Deputy  Minister;    but  as  the  Premier,  the  Rt.  Hon.  R.  L. 
Borden,  remarked  at  the  meeting  of  the  Institute  last  year,  '  the 
very  first  step  after  all  in  any  well  founded  scheme  of  conserva- 
tion is  to  know  what  we  have,  not  only  in  those  portions  of  our 
Dominion  that  are  settled  and  partially  developed,  but  also  in 
that  vast  northern  land,  of  which  too  little  is  known  at  the  present 
time,  and  which  may  contain  wxalth,  especially  mineral  wealth, 
far  beyond  the  conception  or  even  the  imagination  of  gentlemen 
of  the  Canadian  Mining  Institute.'     The  Institute  may  well, 
therefore,  use  its  utmost  endeavors  to  urge  the  authorities  to 
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provide  for  a  much  more  vigorous  exploration  of  our  Archean 
areas,  and  for  a  detailed  study  of  the  more  promising  of  the 
partially  explored  area.  Any  proposal  likely  to  result  in  in- 
creasing our  knowledge  of  the  mineral  resources  of  the  great 
lone  northland,  will  I  feel  sure  be  favourably  received  and 
strongly  endorsed  by  this  Institute." 


CHISANA  GOLDFIELDS.^ 
By  D.  D.  Cairnes,  Ottawa,  Ont. 

For  presentation  at  Annual  Meeting,  Montreal,  101!,. 


Introduction. 


During  part  of  the  past  summer  (1913),  the  writer  was 
engaged  in  geologically  mapping  and  investigating  that  portion 
of  Yukon  Territory  which  lies  between  the  upper  portion  of 
White  river  and  the  141st  meridian — the  Yukon-Alaska  inter- 
national boundary.  This  district  lies  directly  to  the  east  of 
Chisana  district,  Alaska,  where  within  the  past  few  months, 
important  deposits  of  placer  gold  have  been  discovered — James' 
original  discovery  being  situated  about  thirty  miles  west  of  the 
boundary  line.  Early  in  August,  and  just  before  leaving  White 
River  district,  the  writer  made  a  hurried  trip  to  the  Chisana 
gold  fields  for  the  purpose  of  comparing  and  correlating  the 
geological  formations  and  conditions  there  with  those  across 
the  boundary  line  to  the  east,  and  also  of  determining  if  possible 
whether  or  not  deposits  of  gold-bearing  gravels  similar  to 
those  in  Chisana  district  were  likely  to  occur  in  Yukon.  Owing 
to  the  very  limited  amount  of  time  at  the  writer's  disposal, 
only  two  days  were  spent  in  the  examination  of  the  Chisana 
district  and  the  placer  deposits  which  had  there  been  found; 
and  it  is  largely  from  the  work  of  these  two  days  that  the  in- 
formation contained  in  this  paper  is  derived.  Since  leaving 
the  district,  however,  a  certain  amount  of  authentic  information 
has  been  obtained  concerning  more  recent  developments  within 
Chisana  district,  and  along  the  routes  leading  thereto,  and  this 
has  to  a  limited  extent  also  been  here  included.  The  writer 
wishes  particularly  to  thank  Mr.  J.  D.  Craig,  D.L.S.,  of  the 
International  Boundary  Survey,  Ottawa,  for  considerable  valu- 
able information  which  he  very  kindly  furnished  concerning 
the  route  between  McCarty  and  the  head  of  White  river,  and 
also  for  the  use  of  some  of  his  excellent  photographs  taken  along 
this  route. 


By  permission  of  tlie  Din-ctor  of  tlie  Geological  Survey,  Canada. 
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Location. 

The  original  discovery  of  placer  gold  in  Chisana  district 
is  said  to  have  been  made  on  the  lower  portion  of  Bonanza  creek, 
a  small  stream  which  drains  into  Chisana  river.  The  point  at 
which  this  gold  was  found,  is  situated  about  30  miles  west  of  the 
Yukon-Alaska  international  boundary,  and  at  about  latitude 
62°  10'  N.,  and  longitude  141°  55'  W.  The  Chisana  gold- 
bearing  belt  lies  along  the  southern  edge  of  the  Nutzotin  moun- 
tains, and  within  twenty-five  miles  in  a  northerly  or  north- 
easterly direction  from  the  northern  slopes  of  the  snow  and  ice- 
capped  Wrangell  mountains  which  include  several  peaks  ex- 
ceeding 12,000  feet  above  sea-level,  the  highest  of  which.  Mount 
Sanford,  rises  to  a  height  of  16,200  feet  above  the  sea.  The 
Nutzotin  mountains,  though  less  lofty  than  the  Wrangell 
mountains,  are  nevertheless  quite  rugged  and  in  places  are 
decidedly  Alpine  in  character.  The  Chisana  goldfields  are 
also  located  near  the  headwaters  of  the  White  and  Tanana 
rivers,  and  are  thus  very  difficult  to  reach,  there  being  no  quick 
or  easy  route  into  the  district;  in  fact,  this  is  possibly  one  of 
the  most  difficultly  accessible  portions  of  Alaska. 

Routes  to  Chisana  District. 

General. — The  majority  of  persons  who  have  gone  into 
Chisana  district,  have  followed  one  of  five  main  routes,  two  of 
which  may  be  considered  as  Alaskan,  and  the  remaining  three 
as  Yukon  or  Canadian  routes.  The  two  principal  Alaskan 
routes  go  by  way,  respectively,  of  Tanana  river,  and  of  the 
Copper  river  and  Northwestern  railway  and  Russell  glacier. 
The  three  main  Yukon  routes  to  Chisana  may  be  designated  as 
the  White  river.  Coffee  Creek  trail,  and  Kluane  routes.  In 
addition  to  these  more  important  routes,  others  less  available  or 
convenient,  or  possibly  less  well  known,  have  been  followed  by  a 
few  persons.  Two  of  the  most  travelled  of  these  less  favoured 
routes  may  be  termed  the  Sixtymile  river  and  Copper  river 
routes. 

In  any  case,  persons  travelling  to  Chisana  district  direct, 
from  practically  all  points  not  actually  within  Alaska,  Yukon  or 


Chisana  Goldfields — Cairnes  13 

adjoining  districts,  find  it  most  advantagcons  to  start  from 
either  Skagway  or  Cordova,  two  ports  situated  on  the  southern 
coast  of  Alaska.  Commodious  steamers  make  regular  and 
frecjuent  voyages  from  Vancouver  or  Seattle  to  these  points, 
Skagway  being  distant  about  870  and  1,000  miles  from  Van- 
couver and  Seattle  respectively ;  and  Cordova  being  about 
1,000  miles  from  Seattle,  measured  along  the  inland  coast 
passage  followed  by  the  regular  steamers.  From  Skagway  and 
Cordova,  short  railway  lines  proceed  toward  the  interior. 

All  the  Canadian  routes  proceed  from  tidewater  at  Skag" 
way,  over  the  White  Pass  and  Yukon  railway  to  Whitehorse,  a 
distance  of  110  miles.  From  Whitehorse,  which  is  situated  at 
the  head  of  navigation  on  the  Yukon  and  its  principal  tributary, 
Lewes  river,  the  various  Canadian  routes  diverge. 

Copper  River  and  Northwestern  Railway  and  Russell  Glacier 
Route. — By  this  route,  the  Copper  river  and  Northwestern 
railway  is  followed  from  tidewater  at  Cordova  to  McCarty,  a 
point  near  the  end  of  the  railway  line,  191  miles  from  Cordova. 
Thence  a  trail  proceeds  over  Sourdough  hill  to  Nizina  river  and 
up  Nizina  river  to  Chitistone  creek  where  the  trail  forks,  and 
whence  either  of  two  different  routes  may  be  followed  to  Russell 
glacier.  One  branch  of  the  trail  continues  up  Chitistone  creek 
and  over  a  short  divide  to  Russell  glacier;  the  other  trail  con- 
tinues up  Nizina  river  past  the  mouth  of  Chitistone  creek  to 
Skolai  creek  and  proceeds  up  Skolai  creek  to  Russell  glacier. 
The  choice  of  either  trail  to  Russell  glacier,  is  governed  largely 
by  the  conditions  of  the  glacial  ice  and  also  by  the  state  of 
water  in  the  streams.  At  times,  it  is  considered  easier  to  go  up 
the  Chitistone,  and  at  other  times,  the  Skolai  trail  is  preferred. 
The  trail  thence  proceeds  over  Russell  glacier  to  the  head  of 
White  river,  continues  down  the  White  to  Solo  creek,  and  thence 
strikes  in  a  northerly  direction  up  this  creek  and  over  to  Cha- 
thenda  creek  and  Chisana  City.  The  distance  from  McCarty 
to  Russell  glacier  either  by  Chitistone  or  Skolai  creek  is  between 
35- and  40  miles,  and  thence  it  is  about  12  or  14  miles  over  the 
glacier  to  White  river.  From  the  head  of  the  White  to  Chisana 
City,  the  distance  is  about  40  miles.  The  journey  from  Mc- 
Carty to  Chisana  can  be  made  under  favourable  circumstances 
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with  pack  horses  in  eight  to  ten  days.  This  is  a  comparatively 
short  and  direct  route,  but  it  is  both  difficult  and  dangerous,  and 
is  available  only  during  a  few  weeks  in  summer,  when  even  then 
it  is  very  dangerous  in  places  for  pack-horses.  Earlier  or  later 
than  this  short  season,  the  pass  between  McCarty  and  ^Vhite 
river  is  considered  practically  impassible,  and  a  considerable 
number  of  people,  possibly  thirty  or  more,  have  already  lost 
their  lives  in  attempting  to  cross  this  high,  rugged,  glacial 
divide.  This  pass  constitutes  the  only  available  break  that 
has  heretofore  been  known  to  exist,  through  the  \^'rangell  and 
St.  Elias  ranges  which,  together,  constitute  a  lofty,  Alpine, 
barrier  between  the  coast  and  the  interior. 

Tanana  River  Route. — Since  Chisana  river  is  a  tributary  of 
Tanana  river,  it  is  possible  to  go  all  the  way  to  Chisana  City,  by 
water  in  summer,  and  by  ice  in  winter,  by  following  the  Tanana 
and  its  tributaries  upstream.  The  distance  from  Fairbanks  to 
Chisana  Cit}'  by  the  Tanana  is  about  350  miles.  Of  this  dis- 
tance, it  is  claimed  that  during  favourable  stages  of  water  in 
summer,  small  power  boats  will  be  able  to  reach  to  within  50 
to  75  miles  of  Chisana  City,  and  for  the  remaining  distance, 
poling  boats  may  be  employed.  This  route  is  very  long,  ardu- 
ous, and  difficult,  and  will  be  followed  only  by  persons  already 
in  Fairbanks  or  some  nearby  portion  of  central  Alaska,  it  being 
an  altogether  impractical  route  for  persons  commencing  their 
journey  for  Chisana  from  points  outside  of  Alaska. 

Fairbanks  is  situated  on  Tanana  river  about  295  miles 
upstream  from  its  point  of  confluence  with  the  Yukon.  To 
reach  Fairbanks,  it  is  customary  to  go  one  of  two  ways — either 
from  Skagway  over  the  White  Pass  and  Yukon  railway,  and 
down  Lewes  and  Yukon  rivers  to  Tanana  (Fort  Gibbon)  at 
the  mouth  of  the  Tanana,  and  thence  up  this  stream;  or  up  the 
Yukon  from  St.  Michael  or  Nome  to  Tanana  and  thence  up 
Tanana  river.  Tanana  is  distance  1,270  miles  by  river  and 
railway  from  Skagway,  and  900  and  1,000  miles  respectively'  by 
river  from  St.  Michael  and  Nome,  both  of  which  points  are 
situated  on  Norton  sound  into  which  the  Yukon  empties. 
Steamers  ply  during  the  summer  months  from  Seattle  by  the 
outside,  open-sea  route  to  Nome  and  St.  Michael. 
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Kliiaitc  Uoiilc. — The  route  from  Wliiteliorse  Lo  Cliisaiui  via 
Lake  Kluane  is  available  during  the  entire  year,  but  varies  some- 
what as  to  location, with  the  season.  During  the  winter  season, 
for  example,  certain  sled  roads  and  stretches  of  stream  and  lake 
ice  are  utilized.  A  waggon  road  has  been  constructed  by  the 
Yukon  government,  from  Whitehorse  westward  to  the  upper 
(southern)  end  of  Lake  Kluane,  a  distance  of  143  miles.  During 
the  summer  months,  this  road  is  followed  to  the  head  of  the  lake, 
from  whence  it  is  possible  either  to  go  by  boat  to  the  foot  of  the 
lake,  or  to  follow  a  trail  around  the  upper  end  and  down  the 
western  side  to  near  the  lower  end  of  the  lake.  Thence,  no 
regular  trail  has  been  constructed  to  White  river,  but  a  cross- 
country route,  which  has  now  become  fairly  well  defined,  has 
been  followed  to  Canyon  City  on  White  river.  The  distance  from 
the  upper  end  of  Lake  Kluane  to  Canyon  City  by  trail  is  about 
170  miles.  From  Canyon  City  a  good  trail  has  been  constructed 
in  a  northwesterly  direction  most  of  the  way  to  the  international 
boundary,  near  the  point  where  this  line  crosses  Beaver  creek, 
a  distance  of  about  15  miles.  From  the  boundary  line  westward 
to  Chisana  City,  a  distance  of  about  40  miles,  no  trail  has 
actually  been  constructed,  but  the  mark  of  the  stampeders  up 
Beaver  creek  to  its  head,  and  over  the  divide  to  Chathenda  creek 
and  thence  to  Chisana  City,  has  become  quite  well  defined. 

Since  the  'freeze-up'  last  fall,  the  route  followed  from 
Whitehorse  to  Chisana,  via  Kluane  lake  is  somewhat  different 
from  the  summer  route  just  described.  The  waggon  road  from 
Whitehorse  is  followed  to  a  point  about  midway  to  the  lake, 
whence  a  sled  road  has  been  constructed  to  the  north  of  the 
regular  waggon  road,  and  encounters  Lake  Kluane  at  the  mouth 
of  Cultus  creek,  about  midway  down  the  eastern  side  of  the  lake. 
Thence  the  route  crosses  the  lake  ice  to  a  point  near  the  lower 
end  of  the  lake.  The  distance  from  Whitehorse  by  this  winter 
route  is  about  16  miles  less  than  by  the  summer  route.  From 
Lake  Kluane,  no  regular  road  or  trail  is  available  to  Generc 
river;  thus  the  route  followed  by  freighters  and  others  going 
from  Lake  Kluane  to  Chisana  this  winter,  crosses  country  to 
the  Generc,  which  is  encountered  about  11  miles  from  its  mouth. 
This  stream  is  thence  followed  to  the  White,  whence  the  route 
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continues  down  this  river  for  about  a  mile  to  the  mouth  of 
Rabbit  creek,  proceeds  thence  up  this  stream  for  about  2  miles, 
then  turns  to  the  northwest  and  follows  up  a  small  tributary  of 
Rabbit  creek,  and  continues  along  a  chain  of  small  lakes  which 
lead  into  Tchawsahmon  lake  and  down  Tchawsahmon  creek  to 
near  Beaver  creek.  River  and  lake  ice  is  followed  practically 
all  the  way  from  the  point  where  the  Generc  is  first  encountered 
to  within  two  or  three  miles  of  Beaver  creek.  The  ice  along 
Beaver  creek  is  thence  followed  to  the  head  of  the  stream,  whence 
the  route  passes  over  the  divide  to  Chathenda  creek,  and  thence 
to  Chisana  City.  The  distance  from  the  lower  end  of  Lake 
Kluane  to  Chisana  by  the  winter  route  is  about  the  same  as  via 
Canyon  City  and  the  summer  trail.  Freight  is  being  taken 
over  this  road  this  winter  by  the  ^Yhite  Pass  and  Yukon 
railway  and  others. 

Coffee  Creel:  Trail  Route. — Coffee  creek  enters  Yukon  river 
on  its  left  limit  about  110  miles  above  Dawson  and  350  miles 
below  ^Yhitehorse,  measured  along  the  river.  Commodious 
steamers  ply  regularly  between  ^Yhiteho^se  and  Dawson  during 
the  summer  months,  it  being  possible  to  catch  a  boat  going 
either  up  or  down  stream  almost  any  day  during  the  season. 
Coffee  creek,  during  the  summer,  is  thus  readily  accessible. 
From  the  mouth  of  this  creek,  the  Yukon  government  has  con- 
structed a  good  pack  trail  to  Canyon  City,  and  a  branch  of  this 
trail  goes  to  the  mouth  of  Beaver^  creek  on  White  river,  Canyon 
City  and  the  mouth  of  Beaver  creek  being  distant,  by  trail, 
from  Coffee  creek,  about  120  and  80  miles  respectively.  The 
distance  from  Canyon  City  to  Chisana  City,  as  stated  in  des- 
cribing the  Kluane  summer  route,  is  about  55  miles.  From  the 
mouth  of  Beaver  creek,  a  good  government  trail  has  been  con- 
structed, which  trends  in  a  southwesterly  direction  to  Beaver 
creek  again,  and  thence  continues  up  this  creek  to  the  boundary 
line,  a  distance  from  the  mouth  of  this  stream,  measured  along 
the  trail,  of  about  45  miles.     From  the  international  boundary, 


^  This  creek  below  the  mouth  of  its  main  tributary  Snag  creek,  has  been 
in  the  past,  by  some  people,  also  called  Snag  creek.  The  Geographic  Board, 
however,  has  decided  that  this  stream  shall  be  called  Beaver  creek  from  its 
head  to  \N'hite  river,  and  that  only  the  northern  tributary  shall  be  called  Snag 
creek. 
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as  hoforo  nuMitioned,  a  stampcders'  trail  continues  up  Beaver 
eroek  to  its  head,  thence  over  the  divide  to  Cliathcnda  creek, 
and  thence  to  Chisana  City,  a  distance  from  the  boundary  of  40 
miles.  The  journey  from  Coffee  creek  to  Chisana  City  can  be 
made  with  pack  horses  in  summer  in  ten  to  twelve  days  without 
unduly  exercising  the  pack  animals.  The  Coffee  Creek  trail 
thus  forms  part  of  a  very  good  summer  route  to  Chisana;  but 
this  trail  is  but  little  used  in  winter  by  those  going  to  Chisana, 
as  it  is  much  easier  to  sled  up  White  river  over  the  ice,  than  to 
sled  over  the  Coffee  Creek  trail,  both  routes  leading  to  Beaver 
creek. 

TV  kite  River  Route. — The  White  river  route  follows  up  White 
river  (Plate  VII)  from  its  mouth  to  Beaver  creek,  a  distance 
which  is  generally  considered  to  be  about  115  miles,  but  which 
according  to  a  survey-  of  the  river  made  by  W\  J.  Peters  in  1898, 
is  only  85  miles.  Ordinary  light  draft,  steam  and  gasoline 
river  boats  may  be  navigated  for  about  60  to  70  miles  up  White 
river,  or  to  about  the  mouth  of  Donjek  river;  and  one  small 
specially  designed  gasoline  boat  succeeded  in  reaching  the 
mouth  of  Beaver  creek,  and  is  reported  to  have  made  the 
passage  from  the  mouth  of  the  White  to  Beaver  creek  in  four 
days.  Poling  boats  have  in  the  past  been  mainly  utilized  on 
White  river  from  the  mouth  up,  and  last  season  were  in  use 
especially  above  the  mouth  of  Donjek  river,  or  above  the  differ- 
ent points  at  which  the  power  boats  were  inoperative.  It  is 
claimed  also  that  it  is  quite  possible  to  take  poling  boats  a 
considerable  distance  up  Beaver  creek. 

A  government  trail  has  been  constructed  along  the  left 
limit  of  White  river  from  opposite  the  mouth  of  Donjek  river 
to  Beaver  creek,  a  distance  of  about  twenty  miles,  which  is 
intended  to  afford  travelling  facilities  above  the  head  of  steam 
navigation  on  White  river.  From  the  mouth  of  Beaver  creek, 
as  before  mentioned  in  describing  the  Coffee  Creek  trail  route, 
a  government  trail  has  been  constructed  which  trends  in  a  south- 
westerly direction  to  a  point  on  Beaver  creek  again,  and  con- 


2  Brooks,  Alfred  H.,  "A  reconnaissance  in  the  White  and  Tanana  River 
basins,  Alaska,  in  1898"-  U.  S.  Geol.  Surv.,  20th  Ann.  Kept.,  Pt.  VII,  1898-99, 
p.  443. 
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tinues  up  this  creek  to  the  international  boundary,  a  distance 
from  the  mouth  of  Beaver  creek  on  AYhite  river,  of  about  43 
miles  (Plate  VIII).  From  the  boundary  line  a  trail  follows  up 
Beaver  creek  to  its  head,  strikes  from  there  over  the  divide  to 
Chathenda  creek,  and  continues  thence  to  Chisana  City  which, 
measured  along  this  route  from  the  boundary  line,  is  distant 
about  -iO  miles.  This  trail  to  the  west  of  the  boundary  has 
not  been  regularly  constructed,  but  is  merely  the  more  or  fess 
definite  track  of  the  Chisana  stampeders. 

After  the  'freeze-up'  in  the  fall,  White  river  affords  an 
excellent  sled  route  to  Beaver  creek.  From  the  mouth  of 
Beaver  creek,  all  freighters  and  others  are  this  winter  follow- 
ing the  regular  trail  to  the  point  where  the  Beaver  is  again 
encountered;  thence  they  travel  on  the  ice  up  Beaver  creek  to 
the  head  of  this  stream.  Then,  as  in  summer,  striking  over  the 
divide  to  Chathenda  creek,  they  thence  proceed  to  Chisana 
City. 

A  considerable  amount  of  freight  and  '  outfits '  has  gone  over 
this  "White  river  route  since  the  '  freeze-up  '  last  fall;  in  fact, 
the  bulk  of  the  freight  sent  into  Chisana  has  been  taken  over 
this  route.  Some  of  this  was  brought  to  the  mouth  of  the  White 
and  some  was  even  taken  part  way  up  this  river  before  the 
'freeze-up.'  Some  freight,  however,  is  being  sleded  from 
Dawson  this  winter.  The  route  followed  by  those  freighting 
from  Dawson  to  White  river  in  wdnter,  depends,  always,  on 
the  condition  of  the  ice  on  the  Yukon.  If  the  river  freezes  with 
a  smooth  surface,  the  freight  generally  goes  up  the  Yukon  on 
the  ice.  This  winter  the  freight  is  mainly  passing  over  the 
Whitehorse-Dawson  waggon  road  to  a  point  about  opposite 
Henderson  creek,  thence  over  a  sled  road  to  the  head  of  Hender- 
son creek,  thence  down  the  Henderson  creek  waggon  road  tothe 
Yukon,  whence  it  is  taken  up  the  Yukon  to  the  mouth  of  White 
river. 

Other  Routes. — In  addition  to  the  better  know^n  and  more 
travelled  routes  which  have  been  described,  a  limited  number  of 
persons  have  goue  into  Chisana  by  other  routes.  Two  of  the 
more  important  of  these  may  be  termed  the  Sixtymile  river  and 
the  Copper  river  routes. 
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The  Sixlymilc  river  route  has  been  followed  by  a  number  of 
'stampeders'  who  started  from  Dawson  for  Chisana.  Leaving 
Dawson  they  travelled  the  waggon  road  to  the  Sixty  mile  river 
district,  as  far  as  the  international  boundary;  they  thence  con- 
tinue south  along  the  boundary  to  Beaver  creek,  and  from  there 
proceed  along  the  trail  up  Beaver  creek  to  Chisana.  This 
route  is  only  practicable  to  those  already  at  Dawson  or  in  that 
vicinity,  and  should  only  be  attempted  by  persons  perfectly 
accustomed  to  such  trips,  and  well  acquainted  with  the  country. 
The  route  is  very  rough,  and  the  trail  along  the  boundary  is  in 
places  very  indefinite  and  hard  to  follow,  being  really  nothing 
more  than  the  route  that  was  used  by  the  International  Boun- 
dary Survey  parties  when  surveying  and  establishing  the 
boundary  line.  It  is  not  possible  to  follow  the  actual  line 
itself,  as  this  passes  over  some  very  high,  rugged,  points,  and, 
furthermore,  wherever  any  timber  occurs,  this  has  been  slashed 
for  a  width  of  50  feet  in  demarcating  the  boundary,  and  the 
fallen  trees  and  brush  completely  block  all  travel  in  many 
places. 

Those  travelling  by  the  Copper  river  route,  leave  the 
Copper  river  and  Northwestern  railway  at  Chitina,  and  thence 
journey  by  the  waggon  road  up  Copper  river  to  Gulkana; 
thence  they  continue  up  the  trail  tow^ard  Eagle  to  near  the  head 
of  Copper  river,  whence  it  is  customary  to  follow  up  one 
of  the  small  tributaries  of  this  stream,  thence  strike  over  the 
divide  to  Chisana  river,  and  proceed  to  the  gold  fields.  This 
is  a  very  roundabout,  but  perfectly  possible  summer  route, 
and  is  preferred  by  some,  since  it  is  less  dangerous,  to  the  route 
over  Russell  glacier. 

It  is  also  reported  that  a  pass  has  been  found  from  McCarty 
on  the  Copper  river  and  Northwestern  railway,  direct  to  the 
Chisana  glacier  and  thence  to  the  Chisana  river.  This  route 
lies  presumably  to  the  west  of  Skolai  pass,  and  is  claimed  to 
afford  safer  travelling  than  that  by  way  of  the  Russell  glacier 
(B) 
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Expenses,    Accommodations   and    Development   Along 

Routes. 

The    following    are    some    railway    and    steamboat    fares 
charged  along  the  routes  described: 
From   Vancouver   to   Skagway,    1st.    class,   including 

meals  and  berth $30 .  00 

From  Seattle  to  Skagway,  1st.  class,  including  meals 

and  berth 30.00 

From  Seattle  to  Cordova,  1st.  class,  including  meals 

and  berth 45.00 

From  Skagway  to  Whitehorse,  W.  P.  &  Y.  Ry 20 .  00 

From  Whitehorse  to  Dawson  (downstream)  by  steam- 
boat, regular  fare,  including  meals  and  berth ....        30 .  00 

From  Dawson  to  Whitehorse  (upstream)  by  steam- 
boat, regular  fare,  including  meals  and  berth.  ...        50.00 

From  Cordova  to  McCarty,  C.  R.  &  N.  Ry 22 .  80 

Along  the  Whitehorse-Dawson  waggon  road,  there  are 
toadhouses  at  regular  intervals  of  about  20  miles,  and  in  places 
here  are  half-way  houses;  these  all  keep  open  throughout  the 
winter.  Also  along  the  road  from  Whitehorse  to  Lake  Kluane, 
there  are  roadhouses  at  about  every  20  or  25  miles.  There  are 
no  roadhouses  between  Lake  Kluane  and  Beaver  creek;  on 
Burwash  creek,  at  the  mouth  of  Wade  creek  and  elsewhere  are 
some  cabins  which  are  used  by  travellers.  There  are  road- 
houses also  along  Yukon  river  between  Dawson  and  White  river 
and  at  intervals  of  about  20  miles  up  White  river  to  Beaver  creek 
and  thence  along  the  trail  to  Chisana  City.  The  price  of  meals 
at  most  roadhouses  is  $1.50,  but  after  Beaver  creek  is  passed, 
the  charge  at  most  places  is  $2.00.  The  usual  charge  for 
sleeping  accommodation  is  $1.00  to  persons  supplying  their 
own  blankets,  and  $2.00  where  bedding  is  furnished  by  the 
house. 

The  White  Pass  and  Yukon  railway  proposed  to  convey 
freight  from  Whitehorse  to  Chisana  for  30  cents  per  pound. 
The  usual  price  for  sleding  freight  up  White  river  to  Beaver  creek 
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PLATE  II. 
Tr.ail  near  tlie  liead  of  the  Chitistone. 


Photo  by  J.  D.  Craig,  D.L.S.,   1913 

PLATE  IV. 

Trail  over  tlic  Russell  glaeier  moraine.        The    morainal    material   is    shown 

overlying  an  ice  cliff,  over  which  the  horses  are  passing. 
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PLATE  111. 
Trail  near  the  head  of  Skolai  creek.     View  shows  edge  of  Russell  glacier. 
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PLATE  VI. 
Trail  across  terminal  moraine  at  head  of  White  river. 
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is  about  30  ceiils  per  pound.  It  is  further  expected  that  power 
boats  will  carry  freight  up  White  river  next  season  to  Beaver 
creek  for  about  15  cents  a  pound.  These  boats  will  also,  in 
all  probability,  take  passengers  from  Dawson  to  Beaver  creek. 

A  few  months  ago  there  was  hardly  a  man  in  White  River 
district,  or  along  the  White  river  or  Kluane  routes.  Now  the 
numerous  roadhouses  just  mentioned,  are  established  and,  at 
several  points,  small  towns  have  already  sprung  into  existence. 
On  December  1st,  1913,  there  were  about  fifty  cabins  at  the 
mouth  of  the  Donjek,  two  hundred  and  fifty  at  the  mouth  of 
Beaver  creek,  about  twenty  at  the  mouth  of  Bonanza  creek,  and 
about  five  hundred  buildings  at  Chisana  City,  including  three 
stores,  a  saloon,  a  post  ofiice  and  a  recording  office.  A  number 
of  cabins  have  also  been  built  on  Fryingpan  creek,  Horsefall 
creek,  Gold  creek,  and  elsewhere. 

Three  detachments  of  Royal  North  West  Mounted  Police 
have  been  quartered  near  the  mouth  of  Donjek  river,  at  the 
mouth  of  Beaver  creek,  and  on  Beaver  creek  near  the  Inter- 
national boundary. 

The  Customs  authorities  of  both  the  United  States  and 
Canada  have  mutually  agreed  to  waive  the  duty  on  all  goods 
entering  the  Chisana  district  from  either  country  for  a  period  of 
one  year. 

Previous  Explorations  and  Investigations. 

Until  this  past  summer,  but  little  was  known  concerning 
the  particular  locality  in  which  the  Chisana  gold-bearing  gravels 
have  been  discovered,  although  explorations  and  investigations 
of  a  geological,  geographical  or  topographical  nature  had  been 
performed  in  adjoining  districts  on  practically  all  sides  of 
this  area.  Between  1891  and  1902,  Frederick  Schwatha,  C.  W. 
Hayes,  Mark  Russell,  W.  J.  Peters,  Alfred  H.  Brooks,  Oscar 
Rohn,  A.  H.  McNeer,  Frank  C.  Schrader,  and  D.  C.  Wither- 
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spoon  made  reconnaissance  surveys^  in  adjoining  portions  of 
Alaska  and  Yukon. 

During  the  summers  of  1904  and  1905,  R.  G.  McConnelP 
of  the  Canadian  Geological  Survey  explored  the  Kluane  dis- 
trict and  the  territory  along  certain  of  the  headwater  tribu- 
taries of  "White  river.  In  1908,  Messrs.  Moffit  and  Knopf 
mapped  and  explored  the  Nabesna-White  River  district  im- 
mediately adjoining,  or  including  part  of  Chisana  district.  Dur- 
ing the  summers  of  1911  and  1912,  the  writer  mapped  the  geo- 
logy along  the  Yukon-Alaska  international  boundary  from 
Porcupine  river  south  to  Yukon  river.®  Thus,  although  no 
detailed  information  concerning  this  exact  area  had  been  ob- 
tained previous  to  the  time  of  the  strike,  much  general  informa- 
tion was  available.  The  adjoining  district  on  the  Canadian  side 
of  the  boundary  line,  the  White  River  district,  Yukon,  had  been 
considered  for  some  years  to  be  one  of  exceptional  promise,  and 
would  have  already  been  investigated,  geologically,  except  for 
a  series  of  unavoidable  delays.  The  writer  was  accordingly 
appointed  to  investigate  this  district  during  the  past  season,  and 
reached  there  some  time  before  the  stampede  commenced.'^ 


'The  published  reports  resulting  from  these  investigations  are  the  follow- 
ing: 

Hayes,  C.  W.,  "An  expedition  through  the  Yukon  district:"  Nat.  Geog. 
Mag.,  Vol.  4,  189:2,  pp.  117-162. 

Brooks,  Alfred,  H.,  "A  reconnaissance  from  Pyramid  harbour  to  Eagle 
City,  Alaska,  including  a  description  of  the  copper  deposits  of  the  Upper  White 
and  Tanana  rivers:"  U.  S.  Geol.  Surv.,  21st.  Ann.  Rep.,  Pt.  2,  1899-1900, 
pp.  333-391. 

Rohn,  Oscar,  "A  reconnaissance  of  the  Chitina  river  and  Skolai  moun- 
tains, Alaska:"    U.  S.  Geol.  Surv.,  21st.  Ann.  Rep.,  Pt.  2,  pp.  393-445. 

Mendenhall,  Walter  C,  and  Schrader,  Frank  C,  "The  mineral  resources 
of  Mount  Wrangell  district,  Alaska:"  U.  S.  Geol.  Surv.,  Prof.  Paper,  No.  15. 
1903. 

^McConnell,  R.  G.,  "The  Kluane  Mining  district:"  Geol.  Surv.,  Can., 
Sum.  Rept.,  for  1904,  pp.  1-18.  "Headwaters  of  White  river:"  Geol.  Surv., 
Can.,  Sum.  Rept.  for  1905,  pp.  19-26. 

*MofEt,  F.  H.,  and  Knopf,  Adolph,  "Mineral  resources  of  the  Nabesna- 
White  River  district,  Alaska:"    U.  S.  Geol.  Surv.,  Bull.  417,  1910. 

^Cairnes,  D.D.,  Geol.  Surv.,  Can.,  see  Summary  reports  for  1911  and  1912. 
Detailed  report  in  preparation. 

"The  writer's  report  on  the  White  River  district,  Yukon,  which  is  to  be 
accompanied  by  geological  and  topographical  maps,  is  at  present  in  course  of 
preparation,  and  is  expected  to  be  published  by  the  Geol.  Survey,  Can.,  within 
the  next  few  months. 
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Naming  of  the  District. 

The  name  Chisana  as  applied  to  both  river  and  glacier  was 
passed  by  the  United  States  geographic  board  some  years  ago, 
and  appears  on  all  the  older  authentic  maps  published  by  the 
various  United  States  government  departments.  The  name 
"Shushanna"  which  has  recently  appeared  in  the  press  so  fre- 
quently is  merely  a  corruption  of  Chisana.  All  records  filed  in 
the  district  and  all  authentic  documents  spell  the  name  C-h-i-s- 
a-n-a.  Thus  as  the  newly  discovered  placer  mining  district 
is  named  after  the  river,  which  with  its  tributaries  traverse  it; 
this  is  also  called  Chisana. 

Topography. 

The  Chisana  district  is  on  the  southern  flank  of  the  Nut- 
zotin  mountain  range  and  is  thus  situated  between  the  Nutzotin 
mountains  on  the  north  and  the  Wrangell  mountains  and  the 
St.  Elias  range  on  the  south,  all  of  which  are  included  within 
the  Coastal  physiographic  province.  The  district  is  thus 
generally  mountainous,  but  immediately  adjoining  the  gold-bear- 
ing creeks,  the  topography  is  not  rugged,  but  is  rather  character- 
istically undulating  in  character  (Plate  IX).  The  Nutzotin 
mountains,  however,  which  lie  immediately  to  the  north,  and 
in  which  these  creeks  head,  are  quite  rugged,  and  rise  to  eleva- 
tions of  9,000  to  10,000  feet  above  sea-level.  Discovery  claim 
on  Little  Eldorado  creek,  owned  by  James  and  partners,  is 
about  5,000  feet  above  the  sea.  All  the  higher  elevations,  in- 
cluding the  main  gold-bearing  creeks,  are  above  timber  line, 
the  closest  timber  being  along  the  valley  bottom  of  Chathenda 
creek,  distant  three  or  four  miles  from  the  mouth  of  Little 
Eldorado  creek. 

Practically  all  the  streams  in  the  district  have  steep  walled 
valleys,  (Plate  XVI)  and  many  of  them  flow  in  places  through 
deep  gorge-like  canyons  (Plate  XV).  It  is  thus  apparent  that 
the  present  stream  valleys  are  throughout  portions  of  their 
courses  at  least,  very  youthful  in  age,  and  that  in  comparatively 
recent  times  the  drainage  system  of  the  district  became  greatly 
disturbed  and  altered,  the  streams  being  forced  to  make  new 
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valleys  for  themselves.  Such  a  change  may  have  been  produced 
by  a  somewhat  sudden  uplift  of  the  district,  or  by  glacial  dam- 
ming of  portions  of  the  stream  valleys,  caused  by  great  accumu- 
lations of  morainal  material  derived  from  the  mountains  to 
the  north.  The  former  stream  valleys  now  dry  and  filled  with 
gravels,  are  still  well  preserved  in  places  and  constitute  quite 
marked  and  very  noticeable  topographic  features. 

General  Geology. 

The  rocks  of  the  Chisana  district  are  dominantly  of 
sedimentary  origin,  and  consist  mainly  of  dark  grey  to  black 
shales  with  occasional  intercalated  sandstone  and  conglomerate 
beds,  all  of  which  are  extensively  invaded  by  basic  volcanics 
that  occur  prevailingly  as  dykes  of  less  than  100  feet  in  thick- 
ness. These  sediments  and  invading  volcanics  are  the  same, 
for  the  greater  part  at  least,  as  those  composing  the  Nutzotin 
mountains  to  the  north,  in  which  are  the  sources  of  the 
principal  creeks  of  the  Chisana  district  that  have  been  found  to 
contain  gold-bearing  gravels.  The  sedimentary  rocks  are 
highly  mineralized,  as  a  result,  probably,  of  the  igneous  in- 
vasion, and  contain  a  great  amount  of  secondarily  introduced 
quartz  and  calcite,  mainly  in  the  form  of  narrow  veinlets,  and 
are  also  highly  impregnated  with  pyrite.  In  addition,  they  have 
characteristically  a  general  bright  red  colouration  on  weathered 
surfaces,  due  to  oxidation  of  the  iron-containing  minerals. 
From  these  mineralized  sediments  of  the  Nutzotin  mountains, 
the  gold  of  the  Chisana  placers  has  most  probably  been  derived. 

These  sediments  are  dominantly  at  least  of  Mesozoic  age, 
but  may  include  also  some  Carboniferous  beds.  The  writer 
collected  some  fossil  remains  from  the  shales  along  Bonanza 
creek,  which  are  highly  impregnated  with,  and  partly  replaced 
cy  pyrite.  These  fossils  were  examined  by  Dr.  T.  W.  Stanton 
of  the  United  States  Geological  Survey,  who  has  reported  as 
follows:  "This  lot  consists  entirely  of  Aucella  crassicollis 
Keyserling,  as  I  interpret  that  species,  and  indicates  the  lower 
Cretaceous  age  of  the  beds  from  which  it  comes."  Other  fossils 
from  this  district  have  been  examined  by  Dr.  E.  M.  Kindle  of 
the  Geological  Survey,  Canada,  who  states  that  they  are  of 
Mesozoic  age  and  provisionally  refers  them  to  the  Cretaceous. 
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The  Discovery  and  Resulting  Stampede. 
Placer  gold  in  Chisana  district  is  claimed  to  have  been 
first  discovered,  about  May  3rd,  1913,  by  William  E.  James,  and 
Peter  Nelson  of  Dawson,  both  of  whom  with  a  third  partner, 
Frederick  Best  (Plate  VIII),  had  spent  the  greater  part  of  the 
previous  winter  prospecting  in  White  River  district,  Yukon. 
All  three  partners  are  '  old-time '  (sourdough)  prospectors,  well- 
known  in  both  Yukon  and  Alaska.  A  White  River  Indian 
named  "Joe,"  however,  claims  that  he  first  found  the  gold  and 
told  Mr.  James  of  his  discovery;  and  in  substantiation  of  this 
story,  he  actually  exhibited  to  a  number  of  persons,  a  small 
amount  of  placer  gold  very  similar,  at  least,  to  that  obtained  in 
the  Chisana  creeks  at  about  the  time  Messrs,  James  and  Nel- 
son made  their  discovery.  He  further  states  that  this  is  the 
gold  he  originally  showed  Mr.  James  to  whom,  he  asserts,  he 
afterwards  indicated  the  exact  point  from  which  it  was  obtained. 
Mr.  James  in  conversation  with  the  writer,  denied  that  the 
Indian  had  told  or  showed  him  where  to  find  the  placer  gold,  and 
declared  that  all  "Joe"  showed  him  was  a  quartz  vein  on 
Chathenda  creek,  which  exhibits  native  gold.  Mr.  James 
further  stated  that  when  prospecting  in  the  vicinity  of  the  vein 
shown  hini  by  the  Indian,  he  alone  found  the  placer  gold.  The 
Indian  claimed  an  interest  in  Mr.  James'  property  in  Chisana, 
and  stated  that  Mr.  James  ("James  Billy")  promised  him  one 
or  more  claims  for  himself.  Accordingly,  armed  with  a  rifle  to 
defend  his  actual  or  supposed  property,  the  Indian  is  this  winter 
camped  on  one  of  the  claims  on  the  lower  portion  of  Bonanza 
creek,  which  is  known  to  be  fairly  rich,  and  which  he  intends  to. 
work.  This  claim  is  or  was  owned  by  Mr.  James  and  partners. 
W^hether,  therefore,  Indian  Joe  is  or  is  not  the  real  discoverer  of 
Chisana,  he  contributed  toward  its  discovery,  but  it  remained 
for  Messrs.  James  and  Nelson  to  actually  unearth  the  wealth 
contained  in  the  gravels  and  bring  it  to  the  notice  of  the  public; 
in  doing  which  they  have  not  only  very  materially  benefitted  all 
those  who  have  pecuniarly  profited  or  will  profit  thereby,  but 
in  addition,  they  have  rendered  an  important  service  to  the 
country  in  general,  as  this  discovery  is  almost  certain  to  result 
in  a  considerable  development  in  adjoining  portions  of  both 
Alaska  and  Yukon. 
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The  original  discovery  by  Messrs.  James  and  Nelson  was 
made  on  Bonanza  creek,  but  when  shortly  afterwards  Mr.  James 
found  some  rich  ground  near  the  mouth  of  Little  Eldorado  creek, 
a  tributary  of  Bonanza  creek,  (Plate  X),  actual  mining  was  first 
there  commenced,  as  this  ground  was  considered  to  be  more 
easily  and  readily  workable  (Plate  XII).  Accordingly,  Messrs. 
James  and  Nelson  commenced  sluicing  on  this  claim  (Dis- 
covery claim)  on  Little  Eldorado  creek  on  July  4,  1913  and  by 
August  2nd,  when  visited  by  the  writer,  they  had  obtained 
about  $9,000  from  this  claim,  an  average  of  about  $300.00  per 
man,  for  each  eight  hours  of  work  performed.  (Plate  XIII). 
It  had  been  impossible  up  to  that  time  to  hire  men  in  the  district 
and  practically  all  the  work  had  been  performed  by  the  owners, 
who  in  addition  to  sluicing,  had  to  devote  a  considerable  portion 
of  their  time  to  looking  after  their  other  extensive  interests  in 
the  vicinity. 

The  news  of  this  discovery  soon  reached  the  'outside,' 
and  a  stampede  commenced  which  was  widely  disproportionate 
to  the  nature  and  extent  of  the  discoveries  that  had  been  made, 
and  which  was  and  will  be  the  greatest  since  the  memorable 
early  rush  to  the  Klondike  during  1897-98,  (Plate  VIII). 
Several  thousand  men  and  a  few  women,  'stampeded'  into 
Chisana  before  the  freeze-up,  coming  from  all  directions, 
and  over  all  the  available  known  routes.  With  rare  exceptions 
these  early  'stampeders'  were  all  poorly  and  inefficiently  out- 
fitted, and  in  many  cases,  they  had  only  very  vague  notions 
concerning  the  geographical  w^hereabouts  of  Chisana,  or  the 
routes  they  were  to  travel.  Consequently,  those  who  finally 
reached  the  goldfields  at  all,  were  unable  to  remain  more  than 
a  few  days  and  departed,  so  that  there  were  possibly  not  more 
than  three  or  four  hundred  persons  in  the  vicinity  at  any  one 
time.  Hundreds  of  men  lived  for  days  at  a  time,  or  even  in 
some  cases  for  one  to  two  weeks,  mainly  or  entirely  on  ptarmigan 
roasted  with  or  without  salt,  these  birds  being  fortunately  very 
plentiful  and  easily  killed  with  sticks  or  stones.  All  provisions 
were  valued  at  from  $1.00  to  $2.00  per  pound,  but  as  very  few 
persons  had  sufficient  for  themselves,  provisions  were  practically 
unprocurable  even  at  that  high  price.  Rough  clothing,  especial- 
ly boots,  overalls,  and  shirts,  were  almost  priceless  treasures. 
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PLATE  iX. 

General  view,  looking  westward,  across  the  central  portion  of  Chisana  gold- 
fields,  lying  to  the  north  of  and  adjacent  to  Bonanza  creek. 
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PLATE  XIIL 

Slucing  on  James"  Discovery,  Litik-  Kl(h>ra(h)  creek,  Angiisl,   1!)1.'{,  gold  l»cinj 

obtained  at  tiie  rate  of  $.'{()().()()  jxr  day  per  man. 
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PLATE  XIV. 

Looking  northward  across  Caribou  pass,  and  up  Chicken  creek,  toward  the 

Xutzotin  mountains  shown  in  the  background. 
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PLATE  XVL 

A  typical  portion  of  Upper  Bonanza  creek,  showing  the  characteristic  steep 

valley  walls  of  this  stream, 
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PLATE  VII 

A  typical  view  (Hi  Wliito  river,  GO  miles  from  its  mouth,  showing  the  wide  river 
flat  with  its  eharaeteristie  sand  and  silt  bars  which  are  plentifully 
scattered   witli  snag  ]iiles. 
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PLATE  XV. 

Tlie  lower  ])orlion  of  the  canyon  on  Honanza  creek  near  its  jtmction  with 

Chathenda  creek. 
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PLATE  XVII. 
Looking  up  Chathenda  creek. 
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PLATE  XVII I. 

Looking  up  Coarse  Money  creek  toward  the  Nutzotin  range  which  is  shown  in 

the  background,  and  from  the  mineralized  sediments  constituting  which,  the 

placer  gold  of  the  district  is  believed  to  have  been  mainly  derived. 
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By  August  1st,  when  the  greater  number  of  stampeders 
began  to  arrive,  practically  all  the  available  ground  in  the 
vicinity  of  the  strike  had  been  staked — even  the  hilltops  being 
'located'  in  places.  The  majority  of  those  arriving  after  this 
date  either  returned  at  once,  staked  'wildcats,'  jumped  someone 
else's  claim,  or,  in  case  they  had  any  provisions  left,  prospected 
the  creeks  in  the  neighbouring  districts.  Most  prospectors 
who  were  so  fortunate  as  to  obtain  any  promising  ground, 
returned  later  to  the  district  with  sufficient  outfits  to  enable  them 
to  do  their  assessments,  and  many  men  took  in  large  outfits 
after  the  freeze-up  and  prepared  to  spend  the  winter  prospecting 
and  making  ready  for  work  in  the  spring. 

Commencing  early  in  August,  the  writer  published  re- 
peated warnings,  cautioning  prospectors  and  others  against 
going  into  Chisana  last  fall  or  during  the  winter  without 
proper  'outfits,'  and  without  being  otherwise  prepared  to 
remain  in  the  district  until  spring,  if  necessary.  All  the  known 
valuable  ground  had  been  'located,'  and  there  was  no  possibility 
of  being  able  to  rush  into  the  district,  stake  quickly,  and  re- 
turn. It  was  sheer  folly  to  go  into  that  district  particularly 
after  August  1st,  without  being  prepared  to  do  bona  fide  pros- 
pecting or  to  enter  into  business  of  some  kind.  A  number  of 
persons  who  went  in  properly  prepared,  however,  have  made 
promising  discoveries.  The  others,  in  most  cases,  not  only 
failed  to  secure  claims,  but  suffered  great  hardships  and  priva- 
tions. It  is  estimated  that  fifty  or  more  men  lost  their  lives 
during  the  stampede  previous  to  November  1st.  Some  were 
drowned  in  the  dangerous  glacial  streams  of  that  northern 
country,  some  met  with  fatal  accidents  crossing  the  Skolai 
pass  between  McCarty  and  the  head  of  White  river,  and  still 
others  became  lost  and  starved  to  death.  Many  of  these  fatal- 
ities would  have  been  avoided  if  those  starting  for  Chisana  had 
been  properly  outfitted. 

The  first  'rush'  is  thus  now  over;  still  many  prospectors, 
business  men,  speculators,  and  others  are  goin.g  into  these  new 
goldfields  this  winter,  and  it  is  expected  that  a  great  number 
will  go  into  the  district  in  the  spring.  The  journey  in  future, 
however,  will  be  made  with  much    greater  ease,  comfort  and 
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safety  than  in  the  past,  as  trails  have  been  constructed,  road- 
houses  and  stores  have  been  established  along  the  routes  leading 
to  the  district  and  at  Chisana  City.  The  routes  are  also  now 
well  defined,  and  persons  starting  in  the  future  can  obtain  in 
advance  full  particulars  concerning  conditions  prevailing  in 
Chisana  and  adjoining  districts. 

The  Gravels. 

The  gold-bearing  creek  gravels  of  Chisana  district,  consist 
mainly  of  dark  grey  to  black  shale  and  slate  fragments  which, 
although  somewhat  waterworn  and  rounded,  nevertheless 
retain  their  characteristic  slab-like  shape.  Intermixed  with 
the  shale  and  slate  boulders  and  pebbles,  are  some  of  various 
basic  volcanics;  a  noticeable  feature  of  the  district  being  that 
so  far  as  known,  only  those  creeks  in  which  the  gravel  is  domin- 
antly  sedimentary  are  gold-bearing.  The  bench  or  old  channel 
gravels  are  more  worn  than  the  creek  gravels,  and  contain 
relatively  more  quartz,  showing  that  they  have  been  subjected 
to  stream  action  with  its  wearing,  disintegrating,  dissolving, 
and  transporting  tendencies  for  a  longer  period  than  the  creek 
gravels. 

The  creek  gravels  are  not  frozen  in  summer,  as  they  are 
not  covered  by  insulating  muck  or  moss ;  but  the  bench  gravels 
(Plate  XIV)  being  in  most  places  covered  with  moss  or  other 
vegetation,  with  also  more  or  less  muck,  are  frozen  throughout 
the  entire  year. 

The  gold-bearing  creek  gravels  are  very  easily  workable, 
being  in  most  places  less  than  four  feet  in  thickness,  and  not 
over  a  hundred  feet  in  width,  (Plate  XVIII).  They  thus  con- 
stitute typical  prospector's  diggings,  as  a  minimum  of  equip- 
ment, time  and  labour  are  required  to  obtain  the  gold  from 
them.  As  the  bottom  of  the  old  channels  are  in  places  above 
and  in  places  below  those  of  the  streams  of  the  present  creeks 
which  they  cross,  these  older  gravels  now  occur  both  as  bench 
deposits  above  those  of  the  present  stream  gravels  and  as  buried 
gravels  below  the  level  of  the  present  stream  bottoms.  These 
old  channel  gravels  are  much  deeper  and  wider  than  the  creek 
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gravels  contiguous  to  them,  but  how  deep  or  wide  they  are, 
is  not  yet  known.  It  seems  possible  that  they  must  be  in  places 
as  much  as  a  hundred  feet  thick  and  possibly  over  a  thousand 
feet  wide. 

It  seems  quite  possible  from  what  is  now  known  of  the 
different  gravels  in  the  Chisana  district,  that  the  bulk  of  the 
placer  gold  in  the  district,  was  or  is  the  old  channels,  and  will 
be  obtained,  either  from  the  gravels  of  the  old  channels  directly, 
or  from  the  gravels  of  the  present  streams  below  where  these 
cut  the  older  gravels.  In  such  places  the  gold  originally  in  the 
older  gravels  is  now  concentrated  in  the  gravels  of  the  present 
intersecting  streams.  The  richness  of  Discovery  claim  on 
Little  Eldorado  creek,  and  of  the  claims  below  it  on  Bonanza 
creek,  for  example,  (Plate  XV),  is  believed  to  be  due  largely 
to  the  fact  that  Discovery  claim  on  Little  Eldorado,  is  situated 
just  below  the  intersection  by  Little  Eldorado  creek,  of  an 
old  channel  in  which  at  one  time  flowed  the  waters  of  a  former 
Chathenda  creek. 


The  Gold. 

The  gold  itself  from  Chisana  that  has  been  assayed  is 
worth  about  $16.10  per  ounce,  and  is  dark  in  colour,  having  a 
peculiar  almost  bronze-like  cast,  due  possibly  to  a  slight  coating 
of  iron  oxide.  All  that  has  so  far  been  found  is  also  quite 
coarse,  practically  no  dust  having  been  obtained.  The  greater 
amount  of  the  gold  is  in  particles  ranging  in  value  from  one  to 
ten  cents;  but  nuggets  worth  from  $1.00  to  $2.00  are  common, 
and  some  have  been  found  worth  from  $18.00  to  $20.00,  or 
even  more.  In  shape,  the  gold  particles  are  dominantly 
flat,  some  being  decidedly  thin  and  flake-like,  indicating  ap- 
parently that  the  gold  was  prevailingly  deposited  originally 
either  in  narrow  seams  in  the  enclosing  slate  rock,  or  along  the 
contact  between  quartz  veinlets  and  the  enclosing  rock  forma- 
tions. 
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Extent  of  Gold-Bearing  Gravels  in  Chisana  District  and 
Adjoining  Portions  of  Alaska. 

In  Chisana  district  itself,  a  small  area  not  exceeding 
twelve  square  miles,  has  been  proved  to  contain  important 
deposits  of  gold-bearing  gravels,  and  within  this  area  a  number 
of  both  creek  and  bench  claims  have  been  found  to  contain 
gold  in  sufficient  quantities  to  well  pay  for  working,  and  even  in 
some  cases,  to  be  considered  rich.  This  area  is  situated,  as 
before  mentioned,  along  the  southern  flank  of  the  Nutzotin 
range;  and  apparently  similar  geological  conditions  persist  to 
the  east  along  these  mountains  for  about  forty  miles  at  least, 
or  to  well  within  Canadian  territory. 

Horsefall  creek  which  drains  into  Beaver  creek,  and  is 
situated  midway  between  Bonanza  creek  and  the  international 
boundary  line,  was  worked  to  a  limited  extent,  mainly  by  one 
man,  a  number  of  years  ago,  under  conditions  much  more 
adverse  than  exist  at  present.  This  creek  has  been  entirely 
'staked'  since  last  July,  and  a  number  of  claims,  after  having 
been  prospected,  are  stated  to  have  given  very  satisfactory 
results. 

In  addition  to  this  creek,  other  similar  streams  containing 
valuable  gravels,  will  in  all  probability  yet  be  found,  not  only 
between  Horsefall  creek  and  the  creeks  to  the  west  draining  into 
Chisana  river,  but  also  still  farther  to  the  east  toward  the  boun- 
dary line. 

Canadian  Localities. 

Fryingpan  creek  which  drains  into  Tchawsahmon  creek* 
about  five  miles  east  of  the  international  boundary,  was  some- 
what carefully  and  extensively  prospected  during  last  winter 
(1912-13)  bj'  Messrs.  James,  Nelson  and  Best,  who  claim  to 
have  found  gold  there  in  paying  quantities,  but  state  that  they 
were  forced  to  stop  work  as  water  came  in  so  rapidly  in  each 
case  when  bedrock  was  reached,  that  the  pits  or  shafts  had  to 
be  abandoned.  This  winter  a  number  of  men  are  prospecting 
and  working  on  this  creek,  and  report  very  encouraging  results. 


^Locally  known  to  some  of  the  prospectors  in  the  district  as  Lake  creek. 


Chisana   Goldfields — Cairnes  31 

Gold  is  also  reported  to  have  been  found  on  tlie  adjoining 
creeks,  on  each  side  of  Fryingpan  creek,  which  are  known 
locally  as  Gold,  Sheep  and  Hidden  creeks.  Placer  gold  is  also 
reported  to  have  been  found  in  paying  quantities  up  Koidern' 
river  which  empties  into  White  river  on  its  right  limit  about 
eighteen  miles  below  the  mouth  of  Generc  river.  All  the  creeks 
in  which  gold  has  been  found,  head  in  the  Nutzotin  mountains, 
and  are  situated  on  the  southern  flank  of  this  range.  Prospec- 
tors and  others  searching  for  placer  gold  in  these  portions  of 
Yukon  or  Alaska,  are  accordingly  advised  to  confine  their  atten- 
tion primarily  to  those  creeks  which  flow  through  the  shales  and 
slates  of  the  Nutzotin  mountains,  and  particularly  where  these 
rocks  are  highly  mineralized  and  coloured  red  with  iron  stain, 
as  they  are  at  Chisana.  The  gravel  in  such  streams  is 
dominantly  shale  and  slate,  often  reddish  in  colour  and 
associated  with  more  or  less  quartz  and  occasional  pebbles  and 
boulders  of  various  basic  volcanics. 

Conclusions. 

Although  Chisana  district  and  adjoining  portions  of  Alaska 
and  Yukon,  where  placer  gold  has  been  found,  are  somewhat 
difficultly  accessible,  the  same  difficulties  that  were  experienced 
in  reaching  these  districts  by  the  early  stampeders  last  season 
will  no  longer  exist,  at  least  to  nearly  the  same  extent.  Trails 
have  been  constructed,  boats  will  navigate  White  river  during 
the  coming  summer,  the  routes  to  the  district  are  fairly  well 
known,  and  the  conditions  there  prevailng  are  now  better 
understood.  Furthermore,  there  will,  in  the  spring,  be  pro- 
visions in  plenty  at  Chisana  City,  and  at  various  points  along 
the  routes  leading  to  Chisana  and  White  River  districts. 

Although  only  a  small  area  has  so  far  been  proved  to  con- 
tain workable  deposits  of  gold-bearing  gravels,  the  discovery  of 
other-  deposits,  not  only  of  placer  gold,  but  of  other  minerals, 
may  result  from  the  considerable  influx  of  prospectors  into 
Chisana  and  adjoining  portions  of  both  Alaska  and  Yukon. 


'Koidern  river  as  well  as  Tchawsahmon  creek,  are  both  locally  known  to 
certain  of  the  prospectors  in  the  district,  as  Lake  creek. 
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On  the  Alaska  side  of  the  boundary,  the  men  are  distributed 
mainly  along  the  upper  tributaries  of  the  Beaver,  and  also  along 
Tanana  river  and  its  tributary,  the  Chisana.  Along  the  latter 
streams  the  prospectors  centre  about  Gasoline  City  and  King 
City,  about  twenty-five  and  seventy-five  miles,  respectively, 
below  Chathenda  creek;  and  some  are  even  a  hundred  and 
twenty-five  miles  below  the  mouth  of  this  stream.  Several  hun- 
dred men  are  also  prospecting  on  the  Canadian  side  of  the  line 
this  winter,  and  are  distributed  principally  along  Ladue  creek, 
Katrina  creek,  O'Brien  creek,  Gordon  creek,  Beaver  creek,  and 
its  tributaries,  Koidern  river  and  Sanpete  creek,  all  tributaries 
of  White  river.  These  are  all  earnest,  hard-working  fellows, 
who  will  prospect  the  country  as  never  before.  It  is  quite 
possible  therefore  that  more  benefit  may  accrue  from  the  finds 
yet  to  be  made  as  a  result  of  the  rush  to  Chisana,  than  from  the 
actual  gold  obtained  from  the  first  discovered  area,  now  popu- 
larly known  as  the  Chisana  goldfields. 


SOME  NOTES  ON  THE  ALASKA-TREADWELL  GOLD 

MINE  AND  WORKS,  DOUGLAS  ISLAND, 

ALASKA. 

By  H.  C.  Meek,  South  Porcupine,  Ont. 

{Annual   Mcctiny,   Montreal,  I'Jl't). 

During  the  past  summer,  the  writer  had  an  opportunity 
of  spending  several  weeks  in  south-eastern  Alaska,  where 
one  of  the  largest  and  most  successful  gold  mines  in  the  world 
is  located;  and,  through  the  courtesy  of  F.  W.  Bradley,  Presi- 
dent, and  R.  A.  Kinzie,  General  Superintendent  of  the  Treadwell 
group  of  mines,  he  was  given  permission  to  study  in  detail 
any  or  all  of  the  points  pertaining  to  the  winning  of  gold  from  the 
Treadwell  ore. 

To  fully  describe  and  record  in  this  paper  all  of  the  inter- 
esting work  observed  would  require  more  time  and  space  than 
can  be  given.  Besides  the  subject  has  already  been  covered  by 
very  able  writers.  The  present  notes  emphasizing  certain 
salient  features  of  the  Treadwell  practice,  will  nevertheless,  it 
is  hoped,  prove  of  interest  to  members. 

Some  Factors  Favouring  Low  Costs. 
General  Remarks. — The  success  or  failure  of  any  mining 
undertaking  depends  almost  wholly  upon  the  following  factors: 
The  nature  and  character  of  the  orebody,  the  natural  environ- 
ments, the  market  for  the  product,  the  management  and  the 
financial  backing.  In  the  case  of  the  Alaska-Treadwell  mine, 
Nature  has  been  especially  generous  in  regard  to  the  orebody 
and  surroundings.  The  market  in  this  instance  can  always  be 
depended  upon  as  gold  has  a  fixed  value;  while  the  steady  oper- 
ation and  increased  growth  of  the  concern  during  twenty-three 
years,'  indicates  excellent  management  and  proper  financing. 
These  favourable  points,  combined  with  unusual  mining  skill 
on  the  part  of  the  management,  has  made  it  possible  to  success- 
fully mine  and  treat  ore  of  a  value  as  low  as  two  dollars  and 
fifty  cents  per  ton,  at  a  profit  of  about  one  dollar  per  ton. 

33 


34  Alask.\-Treadwell  Gold  Mines — Meek 

Output  of  Mines  Since  Commencement  of  Operations. 


Date 

Mines 

Tons 
Crushed 

Total 
Total         Yield 
Yield          per 
ton 

Oper. 

Profit 
per 
ton 

Oper. 

Cost 
per 
ton 

1888-1912     Treadwell 
1894-1912    Mexican 
1898.1912     Readv  Bullion 
1899-1912     700  ft.  Claim 

12,981,732 
3,593,334 
2,972,811 
1,406,104 

$31,636,201    $2.43 
9,949,016      2.77 
6,089,114      2.05 
2,988,563     2.12 

$111 
1.02 

.44 
.49 

$1.32 
1.75 
1.61 
1.63 

Totals 

20,953,981 

Natural  Advantages. 


Location  and  Climate. — Alaska  is  a  vast  territory  having 
an  extended  coast  line.  The  compact  central  part  has  two  ap- 
pendages stretching  out  from  its  south-western  and  south- 
eastern corners,  the  former  called  'Aleutian,'  the  latter  'Pan- 
handle' Alaska,  (see  Sketch  map  A).  This  latter  includes 
a  strip  of  the  mainland  and  numerous  small  islands,  among 
which  is  Douglas  Island,  lying  about  five  hundred  and  fifty 
miles  north-west  of  Vancouver  and  just  across  from  Juneau,  the 
capital,  on  the  mainland.  It  has  a  good  harbour  and  is  in  the 
direct  travel  of  all  the  steamship  lines  to  Alaska.  Although  the 
latitude  is  58°  we  find  here  at  tidewater  a  remarkably  equable 
climate,  with  an  average  temperature  of  54°  F.  The  high 
mean  temperature  is  caused  by  the  warm  waters  of  the  North 
Pacific  along  the  coast,  and  is  due  not  so  much  to  the  influence  of 
the  'Kuro  Shiwa'  (Koo'ro-She'wo)  or  Japan  current,  as  to  the 
general  eastward  drift  of  the  waters  in  the  direction  of  prevalent 
winds.  This  mild  climate  prevails  over  only  a  narrow  strip  of 
land  by  tidewater,  while  near  at  hand,  in  the  mountains,  there 
are  long  severe  w^inters  with  a  heavy  snowfall.  This  climatic 
condition  is  an  important  asset  for  the  mining  district  in  ques- 
tion, having  a  direct  bearing  upon  operating  costs  there,  since 
it  obviates  the  necessity  of  heavy  expenditure  for  the  insulating 
and  heating  of  buildings  in  order  to  properly  house  and  care  for 
mining  and  milling  machinery,  or  to  protect  treatment  processes 
from  frost.     The  maintenance  of  tramways  and  pipe  lines  is 


Alaska-Tkeadvvell  Cold  Mine — Meek 


35 


also  not  the  expensive  item  it  is  in  a  cold  country.  The  climate 
is  also  conducive  to  cheap  water  transportation  to  and  from  the 
great  Canadian  and  American  markets  on  the  Pacific  Coast. 


Sketch  Map  A 
Water  Supply  and  Power. — The  question  of  water  to  give 
cheap  and  continuous  power  available  in  quantities  to  suit  the 
demands  of  a  plant  is  always  a  vital  one  with  any  mine,  and 
in  this  respect,  the  Treadwell  is  again  fortunate,  as  suitable 
waterfalls  are  close  at  hand.  The  accumulation  of  snow  for  six 
months  of  the  year  upon  the  high  mountains  inland  a  few  miles 
from  tidewater,  produces,  during  the  warmer  months  of  the 
year,  large  volumes  of  water  which  are  flumed  to  waterwheels 
and  converted  into  electrical  energy  at  a  very  low  cost.  As  the 
extreme  cold  in  the  mountains  keeps  all  the  streams  frozen  for 
four  or  five  months  during  the  year,  continuous  power  from  this 
source  is  not  available  unless  large  storage  dams  are  built  to 
conserve  the  excess  of  summer.  Projects  of  this  kind  are  being 
developed  by  recently  formed  companies  just  across  on  the 
mainland;  but  so  far  the  Treadwell  has  had  recourse  to  oil- 
fired  boilers  to  generate  steam  power.  If  necessity  demand  it, 
sea  water  can  be  used  for  milling  purposes  with  good  amalgama- 
(C) 
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tionresults,  but  with  the  disadvantage  that  salt  water  causes 
rapid  deterioration  of  pipes  and  tanks,  thus  making  frequent 
repairs  necessary. 

Other  Features. — There  are  several  other  features  favourable 
to  low  costs.  Both  mine  and  mill  are  located  at  tidewater. 
There  is  a  good  gravity  mill-site  with  ample  tailing  dump  area. 
The  ore  lends  itself  admirably  to  simple  metallurgical  treat- 
ment, thereby  saving  a  large  initial  outlay  of  money  for  costly 


Sketch  Map  B. 
machinery  that  were  the  ore  of  more  refractory  character  would 
be  necessary,  while  the  simple  treatment  also  represents  a  lower 
labour  cost.  The  aflBliation  of  the  Alaska  Mexican  and  Alaska- 
United  mines  with  the  Alaska-Treadwell  has  effected  a  central- 
ization of  all  the  accounting  and  of  many  of  the  mining  and 
metallurgical  operations. 
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Managerial  Policy. — The  policy  of  the  management  to 
develop  the  ore  in  the  mine  years  ahead  of  present  requirements 
has  been  a  conservative  one,  and  the  knowledge  gained  by  the 
adoption  of  this  plan  has  given  definite  information  as  to  how 
most  advantageously  to  proceed.  As  warranted  by  additions 
to  ore  reserves,  extensions  to  the  plant  and  equipment  are  made 
with  a  view  to  increasing  the  daily  output  and  reducing  costs. 
Any  increased  growth  necessarily  requires  a  change  in  the  ad- 
ministrative plan  to  insure  proper  co-operation  and  high  efficien- 
cy from  each  and  every  unit.  The  work  of  every  member  of  the 
organization  is  studied  so  as  to  define  the  responsilibities  of 
each  office  and  constant  endeavours  are  made  to  maintain  a 
harmonious  co-ordination  of  effort  between  employees.  The 
development  of  this  harmonious  relationship  between  employers 
and  employees  has  kept  pace  with  the  growth  of  the  company 
and  has  resulted  in  an  exceedingly  loyal  and  efficient  organiza- 
tion. The  employees  appreciate  this  treatment  and  are  loyal 
and  anxious  at  all  times  to  do  their  part  in  obtaining  good 
results  for  the  whole  organization. 

Provisions  for  Recreation  of  Men. — Large  sums  have  been 
spent  to  provide  boarding  and  living  quarters  for  the  employees; 
nor  has  the  work  stopped  there,  but  excellent  club  rooms  have 
been  established,  open  to  all  employees  for  an  exceptionally 
nominal  fee  per  month.  A  club  committee  under  the  control 
of  the  management  stimulates  recreation,  providing  enter- 
tainments, amusements  and  sports.  All  employees  have  access 
to  an  excellent  reading-room  where  all  of  the  important  current 
periodicals,  journals  and  newspapers  are  on  file.  Many  play 
pool,  billiards,  or  hand-ball,  go  to  moving  picture  shows,  recitals, 
dances,  or  use  the  splendid  bathing  pool  where  swimming  con- 
tests are  often  held.  The  benefits  derived  by  the  company  in 
taking  such  a  keen  interest  in  the  life  and  welfare  of  its  em- 
ployees cannot  be  estimated,  but  appreciation  is  somewhat 
reflected  in  the  low  working  costs  of  the  Company.  Mining 
today  at  a  depth  of  nearly  2,000  feet  is  carried  on  with  costs 
not  appreciably  higher  than  when  twenty  years  ago  the  ore  was 
obtained  from  the  'glory-hole'  close  to  the  surface. 

Other  Committees. — Other  important  adjuncts  are  a  well 
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organized  and  efficient  fire  department,  a  committee  of  safety 
who  make  a  thorough  investigation  of  every  accident;  a  sick 
and  accident  benefit  schedule;  and  an  employment  office  for 
hiring  men  and  supplying  them  as  needed  to  the  various  de- 
partments. 

Mixing. 

Early  Mining. — It  is  unique  in  gold  mining  on  the  North 
American  continent  to  find  an  orebody  with  such  immense 
quantities  of  ore  as  that  possessed  by  the  Alaska-Treadwell 
Company.  Thirty  years  of  steady  mining  has  brought  about 
important  changes  in  the  methods  of  winning  the  ore.  Former- 
ly there  was  a  big  surface  outcropping  of  quartz  in  hard  diorite, 
varying  from  70  to  300  feet  in  width  and  stretching  out  800 
feet  in  length  in  the  form  of  a  lense,  located  less  than  100  feet 
above  and  within  a  stone's  throw  of  tidewater.  To-day,  all 
that  remains  to  mark  this  place  is  an  immense  excavation  with 
walls  of  widely  different  character  which  dip  from  60°  to  65°. 
The  footwall  is  a  moderately  soft  schist,  the  hanging  wall  a 
hard  greenstone,  or  more  strictly  speaking,  a  metagabbro. 
The  Alaska-Treadwell  Company  was  formed  in  June,  1890, 
and  for  many  years  it  was  found  most  economical  to  mine  the 
ore  by  the  'glory-hole'  system,  but  as  the  mine  became  deeper, 
underground  methods  had  to  be  adopted.  The  transition  stage 
from  the  'glory-hole'  method  of  mining  to  that  of  the  present 
underground  system  was  a  gradual  one  and  it  is  to  the  credit 
of  the  Alaska-Treadwell  Company's  management  that  they  have 
developed  the  present  well-known  'rib-pillar'  system  of  min- 
ing, with  such  excellent  results,  in  the  operation  of  their  massive 
ore  deposit. 

In  the  employment  of  this  system,  timber  is  seldom  requir- 
ed; the  levels  can  be  placed  far  apart,  thus  saving  in  develop- 
ment work;  and  little  or  no  shovelling  is  necessary.  Further, 
it  is  a  comparatively  safe  method  and  permits  of  a  big  pro- 
duction with  but  a  small  number  of  men. 

Plan  of  Developing  the  Rib-pillar  System. — Figures  1  and 
2  present  a  plan  and  section  of  the  regular  scheme  of  opening 
new  levels  for  the  production  of  ore.     The  development  opera- 
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tious  may  bo  said  to  consist  of  three  steps:  First,  the  blocking 
out  of  ore  laterally  to  the  limits  of  the  deposit  by  crosscuts  and 
drifts,  and  putting  up  short  chute  raises  from  these;  second,  by 
putting  up  pillar  raises  and  sublevels,  and  by  driving  stope 
drifts  to  break  into  the  tops  of  the  chute  raises;  third,  breast 
stoping  or  cutting  out  on  the  stope  floor  to  the  sides  of  the  pillar. 


/^\^AS^^ 


Fig.  I. 

As  shown  in  Fig.  1,  a  footwall  drift  is  first  opened  and  from 
this  crosscuts  are  driven  100  feet  apart,  and  midway  between 
proposed  pillars.  The  latter  are  about  30  feet  wide  and  extend 
the  full  width  of  the  orebody.  Then  drifts,  parallel  to  the  long 
dimension  of  the  deposit,  are  run  every  75  feet.  The  chute 
raises  are  staggered  25  feet  apart  in  both  crosscuts  and  drifts, 
and  are  raised  to  the  stope  floor  above  the  main  level,  a  distance 
of  perhaps  18  feet.  Timbered  chutes  lined  with  steel  plates 
are  installed  in  the  raises,  which  are  then  left  until  the  stoping 
is  begun.  In  the  early  stages,  the  work  of  advancing  the  drifts 
and  crosscuts  on  a  new  level  does  not  permit  the  use  of  many 
machines  on  account  of  the  lack  of  working  faces,  but  as  the 
work  proceeds  the  block  system  opens  up  new  headings  until 
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finally  it  is  possible  to  work  a  large  number  of  machines,  and  if 
desired,  accomplish  several  times  the  footage  obtained  at  first. 


Fig.  II 

In  order  to  improve  the  ventilation  and  provide  manways, 
the  work  on  long  inclined  pillar  raises  is  begun  as  soon  as 
possible  after  the  level  is  opened  up,  a  raise  being  driven  in 
each  pillar.  These  pillar  raises  are  run  alternately  from  each 
side  of  the  orebody.  Where  they  intercept  the  proposed  stope 
fioor,  stope  drifts  are  advanced  beyond  the  sides  of  a  pillar, 
breaking  into  the  tops  of  the  blind  chute  raises.  The  latter 
are  enlarged  to  funnel-shaped  openings  to  aid  in  drawing  off  the 
ore  through  the  chutes.  The  pillar  raises  are  then  advanced  to 
the  level  above,  a  distance  of  about  200  feet.  Every  30  feet 
upward,  sub-levels  are  driven  at  right  angles  to  the  pillars  on 
both  sides  of  the  raises  to  the  edges  of  the  pillars  and  left  blind 
to  be  broken  into  by  the  back  stopes  which  are  described  later. 
The  object  of  the  sub-levels  is  to  provide  ventilation  and  easy 
access  to  the  stopes. 

The  last  preparatory  step  before  big  production  begins 
is  to  breast  stope,  or  widen  out  about  8  feet  high  above  the 
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slope  floor,  along  the  line  of  the  chute  raises  until  the  sides  of 
the  pillars  and  walls  are  reached.  Most  of  the  broken  ground 
in  this  step  must  be  shovelled  into  the  chutes. 

Back  Sloping. — At  this  point,  real  production  begins. 
Machines  are  put  to  work  back-stoping  in  the  centre  of  the 
stope  taking  a  six  or  eight  feet  slice  off  the  back  and  working 
forward  to  the  sides  of  the  pillars  and  then  repeating  this  opera- 
tion until  the  upper  level  is  reached.  The  centre  of  the  stope 
is  carried  a  little  higher  than  the  sides  near  the  pillars  in  order 
to  form  an  arch  which  helps  to  strengthen  the  stope  back. 
These  backs  are  easily  inspected  and  scaled,  as  the  top  of  the 
broken  ore  is  always  within  a  few  feet  of  the  roof. 

This  system  of  stoping  brings  down  from  the  back  about 
30  tons  of  broken  ore  per  magliine  shift.  A  part  of  this  is 
too  large  to  pass  the  chute  openings,  and  so  block-hole  drillers 
or  'bull-dozers'  and  sledgers  closely  follow  the  stope  drillers 
in  order  to  reduce  the  size  of  the  pieces.  One  third  of  this 
broken  ore  is  regularly  drawn  off  to  make  room  for  the  setting 
up  of  machines.  This  back-stoping  continues  full  width  to 
within  8  or  10  feet  of  the  next  level  above  and  then  is  drawn  in 
so  that  the  pillars  are  flared.  This  gives  them  greater  strength 
before  holing  through  into  the  main  upper  level  and  affords 
ample  protection  to  the  men. 

When  the  stopes  on  a  level  are  completely  worked  out 
the  pillars  and  backs  either  cave,  or  are  made  to  do  so  by  under- 
nining  the  pillars  which  have  served  their  purpose  and  are  no 
longer  needed.  In  this  way  a  large  part  of  the  ore  in  the  pillars 
and  backs  is  recovered  through  the  lower  worings  of  the  mine. 

Mine  Haulage. — The  ore  gravitates  readily  through  finger 
chutes,  and  a  train  of  10  or  12  cars  is  filled  while  slowly  moving 
by  the  lip  of  a  chute.  This  operation  is  continuous  while  the 
cars  are  passing  under  the  chute.  Where  possible,  the  cars 
are  handled  on  a  loop  system  so  that  all  cars  pass  in  the  same 
direction,  thus  avoiding  congestion.  The  trains  are  pulled 
to  the  ore-pockets  at  the  shaft  by  endless  rope  hauled  by  a 
gasolene  engines,  or  by  mules.  The  cars,  which  are  side 
dumping,  have  a  capacity  of  three  tons  each,  and  are  discharged 
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upon  a  grizzly  the  rails  of  which  are  spaced  15  inches  apart. 
Any  pieces  too  large  for  this  spacing  are  broken  with  sledges  so 
as  to  pass  readily  from  the  ore-pockets  at  the  shaft  to  the  skips. 

Ore-Pockets. — It  is  important,  especially  when  dealing 
with  big  tonnages,  to  provide  ore-pockets  at  the  shaft  of  capac- 
ity sufficient  to  permit  the  hoisting  and  tramming  to  be  carried 
on  practically  independently  of  each  other  and  this  would  be 
impossible  without  large  storage  bins.  Delays  extending  over 
several  hours,  may  then  occur  to  either  operation  without  in- 
terrupting in  any  way  the  regular  work.  Ore-pockets  at  the 
shaft  are  a  special  feature  at  the  Alaska-Treadwell  mine  and  un- 
questionably have  a  direct  bearing  upon  cheap  tramming  and 
hoisting. 

Hoisting. — One  of  the  most  vital  points  in  connection  with 
the  opening  of  a  mine  for  production  is  the  planning  of  a 
shaft  which  shall  at  all  stages  of  development,  whether  near  the 
surface  or  at  great  depth,  be  reasonably  close  to  the  ore  body 
in  order  that  both  development  and  tramming  costs  shall  be 
reduced  to  a  minimum.  Planning  in  this  respect  is  often 
difficult,  since  in  the  beginning  of  mining  operations,  complete 
information  regarding  the  peculiarities  of  the  body  at  depth 
are  not  always  available;  in  fact  such  information  is  not  usually 
available  until  some  years  after  the  shaft  first  sunk  to  win  the 
ore  near  the  surface  has  been  in  operation. 

The  old  Treadwell  shaft  served  well  until  a  depth  of  over 
1,000  feet  was  attained;  but  subsequently,  owing  to  the  advan- 
tages of  a  more  centrally  situated  shaft  upon  an  adjoining 
property  affiliated  with  the  Alaska-Treadwell,  all  ore  remaining 
above,  as  well  as  that  below,  the  1,450  foot  level  is  hoisted 
through  this  shaft.  The  advantages  of  one  large  central  shaft 
are  many.  For  example,  there  is  one  shaft  only  to  keep  in 
repair  instead  of  two  and  also  reduction  of  labour  at  the  shaft 
stations.  A  large  shaft  also  permits  of  increased  speed  of 
hoist,  of  the  use  of  skips  of  greater  capacity,  and  of  the  produc- 
tion of  a  greater  tonnage  of  ore  per  man  employed.  The  ore  is 
raised  in  two  large  Kimberly  skips  having  each  a  capacity  of 
eight  tons.  A  new  steam-driven,  Nordberg  double  conical 
drum  hoist,  designed  for  a  speed  of  3,000  feet  per  minute, 
has  been  installed  recently. 
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Determining  the  Tonnage  Mined. — The  method  of  deter- 
mining the  tonnage  mined  and  milled  during  any  month  is  by 
keeping  count  of  the  number  of  cars  trammed  from  each  stope 
or  working  place.  The  hoisting  engineers  keep  a  daily  record 
on  a  tally  board  of  the  number  of  cars  pulled,  or  of  skips  hoisted. 
This  tally  is  sent  daily  to  the  general  office.  At  the  end  of  each 
current  month  surveyors  make  complete  measurements  of 
all  drifts,  crosscuts,  slopes,  shafts,  etc.,  from  which  measure- 
ments of  the  previous  month  are  deducted  and  the  difference  is 
the  amount  mined  during  the  current  month.  By  dividing  the 
total  number  of  cars  hoisted  into  the  total  calculated  tonnage, 
a  weight  factor  for  each  car  is  obtained  for  the  month.  This 
factor  is  used  in  calculating  the  amount  of  ore  extracted  from 
each  working  place,  and  the  amount  of  ore  that  goes  to  the  mill. 

Mining  Costs  1912. 


11,016  ft. 
892,192  tons 
892,192     „ 

861,973     „ 

Cost 

Per  Unit 

Development 

Tramming 

$112,401 
93,717 

78,294 

6,914 

468,835 

$8,936 
.105 

Hoisting 

Pumping 

.088 
.008 

Sloping 

.544 

$760,164 

.852 

The  cost  of  development  for  the  year  per  ton  milled  is 
10.7  cents. 

Ore  Treatment. 


The  treatment  of  ore  on  Douglas  Island  may  be  said  to 
be  carried  on  in  three  steps: 

First:      Milling; 

Second:  Cyaniding  concentrates; 

Third:         Refining  cyanide  precipitates  and  stamp 
mill  amalgam. 
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Milling. 

Crushing. — There  has  been  erected  recently  a  new  fire- 
proof crushing  station,  built  entirely  of  steel  and  concrete  and 
equipped  with  two  large  No.  9  Gates  gyratory  rock  breakers  to 
perform  the  primary  crushing.  These  reduce  the  product  from 
the  mine  to  a  size  to  pass  a  four-inch  ring.  Large  trommels 
(one  for  each  primary  breaker)  are  used  to  screen  out  the  fines 
and  by-pass  them  direct  to  a  conveying  belt  leading  to  the 
storage  bins.  The  coarse  product  from  the  trommels  dis- 
charges into  four  No.  5  Gates  gyratory  secondary  breakers, 
each  pair  of  the  small  breakers  taking  the  oversize  from  the 
primary  crusher  and  giving  a  resulting  product  which  will  pass 
a  one  and  one-half-inch  ring.  From  the  storage  bins  at  the 
crusher  station  the  ore  is  hauled  a  short  distance  in  trains  to 
the  mill  bins,  using  two-ton  side  dumping  cars. 

Stamping  and  Avialgamating. — Two  large  stamp  mills, 
one  with  300  and  the  other  with  240  stamps,  have  been  built  to 
mill  the  Alaska-Treadwell  ore.  The  stamps  when  new,  weigh 
1050  pounds  and  have  a  duty  of  five  tons  every  twenty-four 
hours.  About  58%  of  the  gold  is  recovered  by  amalgamation, 
the  balance  being  in  the  sulphides.  The  plates  are  dressed  once 
every  twenty-four  hours  and  the  amalgam  is  taken  from  the 
plates  by  steaming  them  about  once  a  month,  or  oftener  if 
necessary. 

Concentrating. — After  passing  the  battery  pulp  over  prim- 
ary amalgamating  plates,  it  is  conveyed  through  launders  to 
Frue  vanners  for  the  separation  of  the  iron  pyrites;  two  vanners 
serving  each  five  stamps.  The  sulphide  product  from  the  five 
mills  represents  by  weight,  nearly  2%  of  the  ore  hoisted,  and  is 
treated  by  cyaniding  in  a  separate  plant. 

An  excellent  paper  was  read  in  October,  1911,  before  the 
American  Institute  of  Mining  Engineers,  at  San  Francisco,  by 
W.  P.  Lass,  Cyanide  Superintendent  of  the  Alaska-Treadwell 
Gold  Mining  Co.,  entitled  "The  Cyanide  Plant  of  the  Treadwell 
Mines,  Alaska."^      It  fully  describes  the  plant  and  method  of 


^  Trans.  A   I.  M.  E.,  Vol.  XLII.,  p.  785-817. 
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cyaniding  as  well  as  the  early  experimental  work  that  led  to  the 
treating  of  the  coneentrates  loeally.  Only  a  brief  outline  of 
the  treatment  will  be  included  in  this  paper. 

1912  Milling  Costs,  Alaska-Treadwell,  300  Stamp  Mill. 

Cost  Per  Ton 

520,884  tons      Crushing $12,920  $0 .  025 

Tramming 8,304  .016 

Stamping 54,787  .105 

Concentrating 20,947  .  040 

$96,958        $0,186 

The  Cyanide  Plant. 

So7ne  Features  of  the  Plant.— Until  September,  1910,  the 
concentrates  from  all  the  mills  on  Douglas  Island  were  shipped 
to  a  smeltery  at  Tacoma,  Washington,  and  the  cost  of  treat- 
ment for  concentrates  carrying  3  oz.  gold  was  twelve  dollars  per 
ton.  The  assurance  of  a  large  tonnage  of  concentrates  from  the 
Treadwell  mills  justified  an  attempt  to  reduce  this  high  treat- 
ment charge  and  experimental  cyanide  tests  made  upon  the 
sulphides  proved  conclusively  that  by  local  treatment  a  saving 
of  approximately  half  the  smelter  charges  could  be  made. 
Upon  the  strength  of  the  experiments,  a  complete  cyanide  plant 
was  installed  near  the  group  of  stamp  mills,  (see  Fig.  3  for  flow 
sheet).  To  insure  a  continuous  daily  output,  the  installation 
was  made  in  duplicate  and  advantage  taken  of  a  gravity  mill 
site.  The  floors  of  the  building  are  made  of  smooth  concrete, 
sloping  to  a  central  sump.  This  provision  was  made  to  guard 
against  the  possibility  of  any  serious  losses  from  leaks  or 
spills. 

Cyaniding  Without  Amalgamation.— "Yhe  original  plant 
was  designed  for  treating  either  by  regrinding  and  amalgama- 
tion, followed  by  agitation  in  cyanide  solution,  or  regrinding  in 
cyanide  solution  followed  by  agitation  in  cyanide  solution. 
A  comparative  test  of  these  methods  was  made,  extending  over 
a  period  of  three  months  and  finally  resulted  in  the  abandon- 
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1.  75  H.P.  Electric  Hoist 

2.  Osgood  Track  Scales 

3.  Car  Tipples 

4.  Ore  Bins 

5.  Dorr  Classifies 

G.  Abbe^  Tube  Mills 

7.  Abbe>  Tube  ^Vlill 

8.  Dorr  Classifiers 

9.  Tank 

10.  Air  Lift 

11.  Callow  Tanks 

12.  Callov.-  Tanks 

13.  Preliminary    Agitating 

Tanks 

14.  Aldrich   Electric    Triplex 

Pump 

15.  Pachuca  Agitating  Tanks 

16.  Byron  Jackson  4"  Cent. 

Pumps 

17.  Pulp  Tank 

17*  Wash  Water  Tank 

18.  Kelly  &  Treadwell  Filter 

Presses 

19.  Distributer 

20.  Clarifing  Tank 

21.  Gold  Sumps 

22.  Wash  Water  Sumps 

23.  Aldrich  Electric  Triplex 

Pumps 

24.  Merrill  Zincfeeder 

25.  Aldrich   Electric    Triplex 

Pump 

26.  Merrill    Gold    Precipita- 

tion Presses 

27.  Acid  Tanks 

28.  Drying  Furnace  for  Pre- 

cipitates 

29.  Faber  Du  Faur  Furnaces 

30.  Air  Lift 

31.  Barren   Sol.    Storage 

Tanks 
31.     Air  Lift 


(a)  Bullion  to  Mint 

(b)  Slag  to  Smelter 

(c)  Solution  Returned  to 

Pachucas 

(d)  Tailings  to  Dam 


Fig.  III.     Flow  Sheet  of  100  Ton  Cyanide  Plant. 
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ment  of  amalgamation  for  direct  cyaniding,  (see  flow  sheet). 
The  former  method  was  a  Httk'  more  costly  since  it  was  reciuired 
to  keep  the  phites  dressed  and  collect  the  amalgam,  besides  the 
disadvantage  of  amalgam  losses  in  launders  and  pipe  lines. 
The  change  to  direct  cyaniding  required  only  two  large  addition- 
al tanks  for  storing  solution,  one  above  and  one  below  the  plant. 


1912  Sulphide  Treatment  Costs. 


17,397  Tons  Treated. 


Labour   

Supplies 

Train  service 

Sulphide   car   expense 

Cyaniding 

Assaying 

D.  I.  general  expense. 
San  Francisco  ofiice  .  . 


Cost 

Per  Ton 

Treated 

$9,038 

$0 . 520 

1,679 

.096 

1,871 

.108 

284 

.016 

54,313 

3.122 

320 

.018 

933 

.054 

11,034 

.634 

$79,472 


$4,568 


Refinery. 

The  refinery  building  adjoins  the  cyanide  plant  and  is 
used  to  refine  both  the  cyanide  precipitate  and  the  mill  amal- 
gam from  the  group  of  stamp  mills  on  the  island. 

Treatment  in  Brief. — The  treatment  of  cyanide  precipitate 
is,  briefly,  as  follows: 

(1)  The  precipitate  is  given  a  sulphuric  acid  treat- 
ment in  a  tank  similar  to  a  paehuca  agitating  tank  to 
dissolve  the  zinc  and  lime. 


(2)   Filtered  in  a  filter  tank. 


48  Alaska-Treadwell  Gold  Mine — Meek 

(3)  Filtrate  solution  is  held  in  storage  until 
after  the  samples  are  assayed.  If  the  results  are 
normal  the  solution  is  run  to  waste  through  a  series 
of  zinc  boxes. 

(4)  The  slimes  obtained  are  partially  dried  and 
then  fluxed. 

(5)  They  are  then  melted  in  a  specially  constructed 
oil-burning  furnace  lined  with  magnesite  brick. 
The  hearth  of  the  furnace  is  mounted  upon  a  car  made 
to  run  under  the  furnace.  A  reducing  flame  is  used  at 
this  stage,  and  the  slag  and  lead  bullion  are  tapped 
off  from  opposite  sides  of  the  furnace. 

(6)  The  cupellation  of  the  lead  bullion  on  a  lime- 
stone test  mounted  upon  a  car  which  will  run  under 
and  form  a  hearth  to  a  cupellation  furnace  similar  to 
the  one  mentioned  above.  An  oxidizing  flame  is  then 
used  to  separate  the  lead  from  the  gold. 

(7)  Remelted  in  Faber  Du  Faur  tilting  furnace 
and  poured  into  moulds,  the  bars  weighing  1,000 
ounces  each. 

The  cyanide  gold  has  an  average  fineness  of  880.  Retort 
furnaces  of  the  Faber  Du  Faur  type  are  used  to  refine  the 
amalgam.  Sponge  gold  is  remelted  in  tilting  furnaces  and  then 
poured  into  bars. 

Conclusion. 

The  achievement  of  such  excellent  results  in  mining  gold 
ore  of  this  grade  is  remarkable.  The  Douglas  Island  manage- 
ment were  the  pioneers,  and  today  with  their  many  years' 
close  study  of  peculiar  local  conditions  they  (as  well  as  other 
concerns)  are  planning  the  opening  of  new  orebodies  of  a 
much  lower  grade  on  the  mainland  across  from  Douglas  Island, 
each  to  be  on  a  scale  three  to  four  times  the  magnitude  of  the 
Treadwell  group.  Already  a  great  deal  of  development  has 
been  done.  Tidewater  adits,  several  miles  in  length,  are  being 
driven    and    pilot    mills    constructed    to    determine    the    most 
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economical  method  of  treatment.  The  ore  occurs  in  a  tremen- 
dous vein  of  soft  schist  with  loose  quartz  stringers.  It  is 
stated  that  there  is  ore  enough  to  keep  a  12,000  ton  plant  in 
operation  for  a  century.  It  is  expected  that  mining  and  mill- 
ing costs  will  not  exceed  eighty  to  ninety  cents  per  ton  and  that 
an  average  recovery  of  at  least  $1.45  can  be  made.  Wholesale 
mining  will  be  done,  but  in  the  milling  it  may  be  found  advisable 
to  do  some  sorting.  The  soft  nature  of  the  schist  orebody 
compared  with  the  hard  tough  ore  on  Douglas  Island  will 
permit  of  a  machine  duty  of  approximately  three  times  that 
attained  on  the  island  and  with  a  smaller  consumption  of  pow- 
der, also  little  or  no  bull-dozing  will  be  required. 

The  exploitation  of  these  new  mines  will  be  watched  with 
the  greatest  interest  by  all  mining  men  and  it  is  to  be  hoped  that 
these  undertakings  will  be  as  successful  as  they  deserve  to  be. 
Moreover  success  in  this  direction  would  stimulate  the  working 
of  other  low  grade  orebodies,  which  are  now  regarded  as  pre- 
senting to  slender  a  margin  between  profit  and  loss. 


MILLING  PRACTICE  IN  COBALT. 

With  Special  Reference  to  Concentrating  Methods. 
By  Fraser  D.   Reid,   Cobalt,   Ont. 

Annual  Meeting,  Mon!re.U,  1914. 

The  recovery  of  values  from  low  grade  rock  by  processes 
of  milling  has  been  a  prominent  feature  of  the  Cobalt  camp  of 
late  years,  and,  with  the  exhaustion  of  the  high-grade  ore,  is 
destined  to  become  a  factor  of  increasing  importance. 

The  following  is  an  attempt  to  present  a  general  survey 
of  the  milling  practice  of  the  camp,  and  to  discuss  briefly 
some  points  of  interest  and  of  controversy  in  connection  with 
it,  dealing  particularly  with  concentrating  problems  and 
methods. 

The  Ore. 

General. — The  highly  mineralized  veins  of  the  Cobalt  area 
have  been  a  veritable  "happy  hunting  ground"  for  the  collector 
and  mineralogist  seeking  the  hitherto  rare  specimens  of  cobalt, 
nickel,  and  complex  silver  minerals  with  which  the  camp 
abounds,  and  which  are  fully  described  in  Dr.  W.  G.  Miller's 
reports.  From  the  millman's  point  of  view,  the  ore  is  of  two 
grades — high  grade  vein  matter,  and  low  grade  wall  rock.  The 
high  grade  vein  matter  is  native  silver  with  a  gangue  of  calcite. 
niccolite,  or  smaltite.  The  general  practice  is  to  hand-sort 
this  material  underground  or  on  sorting  tables,  and  this  is 
essential  to  good  work.  Much  of  this  vein  matter  will  assay 
from  6000  to  8000  ounces  of  silver  to  the  ton,  but  the  average 
shipping  product  of  hand-sorted  No.  1  ore  ranges  from  2000 
to  4000  ounces. 
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Tlic  low  <;rade  wall  rock,  which  is  largely  conglomerate, 
varies  widely  in  valnos  in  did'ercnt  localities.  Where  the  veins 
are  strong  and  well  defined  Ihe  wall  rock  is  often  only  slightly 
mineralized,  not  averaging  over  4  ounces;  in  other  places  the 
walls  are  highly  mineralized  and  assay  over  75  ounces;  this 
being  true  of  the  rock  at  different  parts  of  the  same  vein.  In 
general,  the  wall  rock  may  be  said  to  average  about  16  ounces 
of  silver  to  the  ton,  but  the  ore  to  be  milled  is  raised  to  25  or  30 
ounces  by  high  grade  vein  matter  broken  in  the  muck. 

Suitability  for  Conceniraiing, 

{A). — High  Grade  Vein  Matter. — In  general  it  may  be  said 
that  the  high  grade  vein  matter  and,  within  certain  limits,  the 
values  in  the  wall  rock  after  they  are  liberated  by  crushing,  are 
very  easily  recovered  by  concentration,  even  under  conditions 
that  are  far  from  being  favourable.  The  vein  matter,  as  a  rule, 
separates  cleanly  from  the  wall  rock  on  crushing,  and,  for  the 
most  part,  is  readily  recovered  in  the  preliminary  jigging  and 
sorting  treatment.  The  chief  exception  to  this  is  leaf  silver  in  a 
calcite  gangue,  which  does  not  jig  well  and  which  is  liable  to  go 
over  in  the  tailing.  It  is  therefore  necessary  to  exercise  care  in 
mining  this  material,  to  prevent  it  being  mixed  with  the  milling 
ore. 

{B)  Loui  Grade  Wall  Rock. — The  low  grade  wall  rock  pre- 
sents the  following  peculiarity:  That,  on  crushing  to  16  or  18 
mesh,  the  easily  liberated  values  are  set  free  and  can  be  re- 
covered without  difficulty,  giving  from  16  ounce  stamp  dis- 
charge a  sand  tailing  of  3  to  4.0  ounces.  To  effect  a  further 
saving  however,  this  3  ounce  sand  must  be  reduced  to  an  im- 
palpable slime  before  the  values  are  liberated.  The  cost  of  this 
reduction  is  high  and  the  slime  does  not  concentrate  well.  For 
this  reason,  all  straight  concentrating  mills  in  the  camp  send 
this  3  to  4  ounce  sand  tailing  to  waste. 

This  is  brought  out  in  a  striking  manner  in  the  screen 
analysis  of  sand  tailing  given  in  Table  1. 

(D) 
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Table  1. 

Screen  analysis  of  Sajid  Tailings  from   a   16  mesh  Battery 
discharge,  after  concentration  and  drag  classification  : 


100.0 


A 

B 

C 

D 

Mesh 

%by 
Weight 

Assay  Ton 

Value 

%by 
Value 

30 

22.1 

3.2 

0.71 

22.6 

60 

31.8 

3.0 

0.95 

30.3 

100 

28.6 

3.0 

0.86 

27.4 

200 

13.1 

2.5 

0.33 

10.5 

200 

4.4 

6.5 

0.29 

9.2 

100.0 


Note :     Column  C  gives  the  fractional  value 


BlOO 


Column  D  shows  the  figures  of  C  reduced  to  a  per- 
centage basis. 

This  peculiarity  is  characteristic  of  the  camp  as  a  whole, 
and  is  the  reason  for  the  extremely  fine  grinding  found  necessary 
in  cyanidation. 


The  aim  of  the  mill  man  is  to  find  the  economic  limit  where 
the  least  crushing  will  liberate  the  most  values  in  a  readily 
recoverable  state.  In  this  respect  16  or  20  mesh  appears  to 
be  the  critical  point  for  the  general  run  of  this  ore.  In  this 
connection  the  screen  analysis  given  in  Table  2,  are  interesting, 
comparing  the  battery  discharge  through  a  16-mesh  and  a  28- 
mesh  screen.  Two  screen  analyses  were  made  of  each  discharge. 
One  of  these  was  assayed  directlj^  and  the  other  carefully  panned 
and  the  tailings  from  the  panning  then  assayed.  This  is  found 
to  check  very  closely  with  the  work  of  a  concentrating  table. 
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Difficulties. — Certain  forms  of  mineralization  present  con- 
siderable difficulty  in  concentration.  Thus  filmy,  leaf  silver, 
occurring  as#a  wash  in  the  parting  of  the  rock,  slimes  badly, 
as  do  also  the  various  brittle,  complex,  silver  compounds, 
though  these  are  incidental  except  in  a  few  mines.  Occasion- 
ally material  from  decomposed  veins  will  cause  trouble.  The 
coarse  silver  left  from  the  leaching  out  of  the  calcite  is  easily 
recovered,  but  the  fine  values  in  the  mud  resulting  from  de- 
composed smaltite  will  not  concentrate,  and  can  be  recovered 
only  by  separating  and  settling  this  original  mine  slime. 

Suitability  for    Cyaniding. 

The  complex  nature  of  the  ore  of  the  Cobalt  area  presented 
considerable  difficulty  to  the  hydro-metallurgist,  and  led  to 
important  improvements  in  the  cyaniding  of  silver.  The 
chief  difficulties  encountered  were — 

1.  The  fouling  of  the  solution,  with  a  loss  of 
dissolving  efficiency. 

2.  The  refractory  nature  of  many  of  the  silver 
compounds,  entailing  a  protracted  treatment  to  give 
a  good  extraction. 

The  first  of  these  problems  was  solved  by  the  substitution 
of  aluminium  dust  for  zinc  dust  or  shavings.  This  was  first 
brought  out  by  Professor  Kirkpatrick  of  Queen's  University, 
and  by  him  introduced  into  the  O'Brien  mill  in  1909.  Lately 
it  has  been  adopted  also  by  the  Nipissing  low  grade  mill  and 
the  Dominion  reduction  plants. 

The  second  difficulty  was  overcome  by  the  Denny  Desul- 
phurizing Process,  by  which  the  refractory  minerals  are  broken 
up  and  rendered  amenable  to  cyanide  treatment.  This  is  an 
important  contribution  to  the  art  of  cyaniding  and  promises  to 
have  a  wide  field  of  usefulness. 

The  problem  of  cyaniding  Cobalt  ores  has  been  dealt  with 
fully  in  the  recent  admirable  articles  by  E.  M.  Hamilton, 
Professor  Kirkpatrick,  and  J.  J  .  Denny,  and,  as  the  discussion 
is  beyond  the  scope  of  this  paper,  it  will  not  be  pursued  farther. 
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Sorting  of  Waste — The  Problem  of  CrnsJtituj  Waste  Rock. — 
Another  peculiarity  of  the  ore  is  that  it  is  j)raelically  imj)os.sible 
to  liand-sort  h>\v-grade  waste  from  the  conglomerate  wall-rock. 
Some  rock  can  be  picked  out  assaying  as  low  as  2  ounces,  but 
much  more,  seemingly  identical  with  this,  will  assay  as  much  as 
12  ounces  owing  to  minute  specks  of  mineral  which  can  be  dis- 
covered only  by  close  scrutiny  of  the  washed  rock.  Sorting 
of  waste  is  practised  only  at  the  Beaver  mill,  where  they  are 
able  to  discard  about  15  tons  of  rock  a  day,  assaying  from  3  to 
3.5  ounces  to  the  ton. 

In  this  connection  may  be  emphasized  the  importance  of 
having  a  proper  balance  between  the  capacity  of  the  mill  and 
the  normal  output  of  the  mine.  A  low  tailing  is  no  criterion  of 
maximum  efficiency  with  minimum  cost,  as  a  4  ounce  tailing  may 
be  reduced  to  a  3  or  a  2  ounce  tailing  by  diluting  the  ore  to  mill 
with  waste  rock,  an  'accident'  that  may  easily  occur  where 
the  mill  is  over  capacity  and  the  mine  is  constantly  pressed  for 
tonnage.  This  may  improve  the  mining  cost  sheet,  but  is  an 
unprofitable  procedure.  This  question  deserves  more  atten- 
tion than  it  has  yet  received  in  the  camp,  and  is  a  vital  problem 
to  the  cyaniding  plant,  with  its  high  operating  costs. 

Partial  remedies  in  the  Cobalt  camp  are:  To  know  the 
grade  of  ore  that  can  be  mined  at  a  profit;  to  preserve  an  equal 
balance  between  mine  and  mill;  by  systematic  sampling  to 
effect  a  proper  distribution  of  ore  to  mill  and  waste  to  dump; 
and,  where  possible,  to  leave  rock  under  value  in  place. 

General  Concentrating  Practice. 

Outline. — The  system  of  concentration  in  general  use 
in  Cobalt  is  as  follow^s: 

(a)  Preliminary  Treatment 

(b)  Fine  Crushing 

(c)  Classification 

(d)  Concentration 
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(.4)  Preliminary  Treatment. — This  includes  hand  sorting, 
crushing  to  the  desired  size,  and  concentrating  the  sized  material 
on  jigs  and  tables.  This  preliminary  treatment  means  practi- 
cally the  recovery  of  vein  matter.  In  a  few  cases  the  original 
mine  slime,  if  sufficiently  rich,  is  separated  from  the  ore  by 
washing  and  settled  to  give  a  low  grade  shipping  product. 

{B)  Fine  Crushing. — Broadly,  three  systems  of  crushing 
and  concentrating  are  in  use: 

(1)  Crushing  in  stamps  to  16-  20-  30-mesh, 
classifying  and  concentrating,  the  tailing  going  to  waste. 

(2)  Crushing  by  stamps  to  3^",  sizing  and  con- 
centrating, the  fine  tailing  to  waste,  the  coarse  re- 
ground  in  pebble  mills  and  re-treated  on  tables. 

(3)  Crushing  by  rolls  or  ball  mills  to  about  }/i" 
for  the  preliminary  treatment,  and  regrinding  the 
tailing  in  pebble  mills  for  further  concentration. 

The  first  of  these  treatments,  viz:  Crushing  by  stamps  to 
16,  20  or  30-mesh,  classifying  and  concentrating,  appears  to  be 
particularly  adapted  to  this  ore.  Certainly  it  has  much  to  re- 
commend it  in  the  way  of  simplicity,  and  the  fact  that  nearly 
45%  of  the  total  ore  milled  in  the  camp  is  treated  by  this 
system  shows  that  its  advantages  are  realized  and  appreciated. 


Stamps  vs.  Rolls. 

Another '  interesting  point  disclosed  in  a  general  survey 
of  the  camp  is  that,  of  the  total  low  grade  ore  crushed,  nearly 
83%  is  reduced,  in  part  at  least,  by  stamps.  In  view  of  the 
severe  striatures  passed  of  late  on  the  stamp  as  a  crushing 
device,  it  may  not  be  out  of  place  to  attempt  at  this  point  to 
justify  its  use  in  the  Cobalt  area. 

As  in  all  camps  the  type  of  milling  practice  evolved  at 
Cobalt  is  a  compromise  to  meet  as  far  as  possible  the  various 
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k:o 


JJ^^ndilions  iinposccl.     Some  of  these  influencing  factors  briefly 
ated  are: 

1.  The  anticipated  short  life  of  the  mines.  Though  this 
is  now  often  lost  sight  of,  in  1907  the  life  of  the  camp, 
it  was  believed,  would  be  five  years  only. 

2.  The  small  tonnage.  At  that  time  a  mill  capacity  of 
70  or  80  tons  a  day  was  considered  ample  to  properly 
balance  the  mine. 

3.  The  toughness  of  the  ore. 

4.  The  necessity  of  fine  crushing  to  liberate  the  values 
in  the  wall  rock.  In  other  words  stage  crushing  and 
concentrating  between  the  preliminary  treatment  and 
the  fine  grinding  stage  is  not  economical. 

In  view  of  the  first  and  second  of  these  conditions,  and 
through  failure  to  realize  the  third  and  fourth,  all  early  installa- 
tions of  crushing  machines  "were  too  light  to  stand  the  work.  The 
tough  conglomerate  broke  crusher  swing-jaws  and  corrugated  roll 
shells  as  fast  as  they  were  renewed,  and  the  rolls  pounded 
themselves  to  pieces.  One  might  say  that  the  situation  called 
for  tons  of  metal  where  hundred- weights  were  installed,  and  rolls 
of  this  class  were  far  beyond  the  anticipated  capacity  of  the 
mills  and  the  life  of  the  mines. 

While  the  original  installations  were  too  light  to  be  fair  to 
rolls,  the  machine  proved  to  be  inferior  to  stamps  for  the  follow- 
ing reasons: 

1.  Stage  crushing  and  concentrating  is  impracticable 
on  these  ores.  The  roll  therefore  requires  several 
operations  to  accomplish  what  the  stamp  performs  in 
one. 

2.  The  ore  cannot  be  reduced  economically  to  the  re- 
quired size  by  rolls,  which  therefore  must  be  followed 
by  pebble  or  Chilean  mills.  This  results  in  a  com- 
plicated flow  sheet,  an  accumulation  of  mechanical 
troubles,  and  the  ultimate  production  of  slime. 

The  above  criticism  applies  only  to  the  use  of  rolls  in  the 
Cobalt  camp.     Rolls  undoubtedly  have  a  vide  field  of  useful- 
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ness  in  general  as  a  crushing  device,  and  on  a  soft,  friable  ore, 
may  often  advantageously  displace  the  stamp. 

As  these  conditions  were  better  realized,  the  stamp  began 
to  find  favour  on  its  own  merits.  Some  of  its  advantages  on 
this  ore  may  be  summarized  briefly : 

1.  The  stamp,  as  a  unit,  is  the  same  for  a  15-ton  as  for  a 
500-ton  mill.  In  other  words  the  capacity  of  the  mill 
does  not  necessarily  determine  the  weight  of  the  stamp. 

2.  Its  simplicity  and  reliability. 

3.  Its  wide  crushing  range:  its  ability  to  take  a  2"  feed 
and  reduce  it  in  one  operation  to  the  required  size. 

4.  Its  ability  to  discharge  a  product  which  is  very  suit- 
able for  concentration.  In  this  connection  I  would 
refer  to  the  Screen  Analysis  of  Stamp  Discharge  given 
in  Table  II,  Part  A,  calling  attention  to  the  fact  that 
only  34%  by  weight  and  38%  by  value  of  the  dis- 
charge is  -  200  mesh  and  much  of  this  is  a  fine 
sand  which  concentrates  fairly  readily. 

These  considerations,  together  with  its  efficiency  and  low 
operating  cost,  are,  I  think,  sufficient  to  justify  the  use  of  the 
stamp  on  this  ore. 

Classification. — Speaking  generally,  the  concentrating  mills 
employ  hindered  settling  types  of  classification,  but  in  practice 
there  is  considerable  divergence  as  to  the  degree  to  which  it  is 
carried  out.  A  good  separation  of  sand  from  slime  is  essential, 
but  in  my  opinion  a  close  classification  of  the  sand  is  not  neces- 
sary for  concentration,  owing  to  the  high  specific  gravity  of  the 
minerals  with  which  the  values  are  associated. 

In  the  cyaniding  plants  the  Dorr  system  of  classification  is 
used  exclusively  except  in  the  Nipissing  low-grade  mill  which 
in  addition  to  this  employs  a  Drag  classifier. 

Concentration. — Concentration  of  the  coarse  material  is 
effected  on  Wilfley,  Deister  and  James  sand  tables,  and  of  the 
fines  on  James  and  Deister  slime  tables  and  Frue  vanners. 
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Analysis  of  Flow  Sheet — Summauy. 

The  accompanyiiiii;  flow  sheet  gives  a  bird's-eye  view  of  tlie 
broad  oiitliues  of  the  practice  followed  at  the  different  mills  in 
the  camp,  arranged  for  purposes '  of  comparison.  As  shown, 
the  eighteen  mills  of  the  camp  fall  naturally  into  three  groups: 
(1)  Concentrating;  (2)  cyaniding;  (3)  combinations  of  con- 
centrating and  cyaniding. 

The  following  summary  brings  out  some  interesting  com- 
parisons : 

Table  III. 

Reduction  by  Tonnage%of  Total 

(1)   Coacentrating— 12        Stamps  to  16-30  mesh. ...  1075         44,. 8 

Mills     Stamps  to  i^'-Tube  Mills.  350  U.G 

Rolls  and  Pebble  Mills ....      75  3.1 

Ball  and  Pebble  Mills 90  3.8 

66 . 3 

10.1 


(2)   Cyaniding— 1  Mill Stamps  and  Tube  Mills ...    240         10.1 


(3)   Combination-3  Mills .  Stamps  and  Tube  Mills ...   315         13.2 

Rolls  and  Chilean  Mills...    250         10.4  23.6 

2395  100.0 

Note:  Nipissing  Reduction  and  Silver  Cliff  are  not  operating  at  present 
and  are  not  included.  The  Casey  Cobalt  is  also  omitted,  as  it  lies  without 
the  camp  proper. 


Representative  Costs  of  Concentrating. 

A  mooted  question  at  the  present  time  is  the  relative  ad- 
vantage of  the  concentrating  and  cyaniding  processes,  and  the 
remainder  of  this  paper  will  be  devoted  to  a  presentation  of 
the  case  for  concentrating.  The  procuring  of  detailed  working 
costs  for  publication  is  always  a  matter  of  difficulty,  but  the 
following  figures  are  interesting  as  records  of  actual  operations 
on  various  grades  of  ore  and  tonnages. 
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Table  IV. 

Operating  costs  and  extraction  at  the  Coniagas  Mill. 
{This  does  not  include  coarse  crushing  and  preliminary  con- 
centrating.) 

Cost  of  Plant. 

Coarse  crushing  and  preliminary  treatment  section $30,000 

Sixty  stamps  and  concentrating  equipment.  .  .  .' 75,000 


$105,000 


Battery  feed  2"  and  finer. 

Battery  discharge  16-mesh  and  finer. 

Value  of  Battery  discharge — IG  ounces  silver  to  the  ton  of  ore. 

Extraction  73.77c.     ' 

73.79c  X  16.0—11.8  ounces  @  55c 86.49 

Marketing  11.8  ounces  @  4.6c 0.523 

Battery  Costs: 

Power 157 

Operating Oli 

Shoes 022 

Dies Oil 

Screens 004 

General 016 

0.282 

Concentrating: 

Labour 109 

Power .■ 037 

SuppHes 025 

General 008 

Fuel,  etc 032 

0.211 

Plant— (writing  of!  $75,000  in  ten  years).  .  0.138 

Interest  on  Investment  @  6% 0.046 

Insurance  2.2% X $75,000 0.030 

Loss  by  Volatilization,  allowance  1.34%...  .  0.087  1.32 


Profit $5.17 

Note  :  From  this  profit  must  be  deducted  : 

1st.  Proportionate  cost  of  management,  supervision  and  other 
overhead  charges : 

2nd.       Cost  of  crushing  from  run  of  mine  to  battery  feed  : 

f  Stacking  sand  tailing 007 

3rd.       Disposal  of  tailings        ^ 

(.Pumping  slime  to  storage 021 

The  following  figures,  kindly  supplied  by  Mr.  Mofi"at  of  the 
Beaver  Mine,  are  complete  working  costs  showing  what  may  be 
accomplished  in  a  small  plant: 
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Table  V. 

Capacity  of  mill,  SI..)  Ions. 

Cost  coi'uplot«N  $50,000. 

Average  a.ssay  of  ore  lo  mill  =  19.5 

Average  assay  of  tailing  to  waste  =  3.85 

19.5 — 3.85  =  15.65  ounces  silver  recovered  @55c $8.(il 

Marketing:    15.65  ozs.  @  5.9c 923 

Working  costs 1 .  290 

Depreciation  of  plant,  10  j-ears 198 

Insurance  2.2% 043 

Assay  loss  =  1.3-1% 115 

Interest  on  $50,000  investment,  6% 090  2.66 

Profit $5  .  95 

In  Table  V.  are  given  detailed  costs,  from  the  battery  bins 
down,  of  operations  at  the  O'Brien  Mill,  supplied  by  courtesy 
of  the  manager,  Mr.  R.  H.  James.  This  is  the  pioneer  cyanid- 
ing  plant  of  Cobalt  and  the  figures  are  an  interesting  record  of 
the  combined  concentrating  and  cyanidihg  processes. 

Capacity  of  mill  129  tons  per  daj%  310  days  in  the  year. 

Assay  of  battery  discharge 17.70 

Assay  of  tailing  to  waste 2. 10 

Recovery 15 .  66 

15.66X55C $8,613 

Marketing: 

9.94  ounces  in  concentrates  @  4.6c..      .457 

5.72  ounces  in  bullion  @  1.2c 009 

Working  Costs: 

Stamping 170 

Concentrating 052 

Tube  Milling 140 

Cyaniding 612 

Filtering 090 

Precipitating 080 

Refining 012 

Heat,  Oil  and  Light 080 

Assaying 067 

General 080 

Power 363  1.746 

Plant  $150,000—10  vears 375 

Interest  6% 112 

Insurance  2.2% 082 

Assay  loss 073  .642  $2,914 

Profit $5 .  699 

In  Table  VI.  are  given  figures  for  a  larger  tonnage  of  ore  of 
a  higher  grade,  which  include  the  cost  of  the  preliminary 
crushing  and  jigging  treatment. 
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Table  YI. 

Capacity  of  Mill  200  tons;    operating  310  davs  in  rear. 

Cost  of  plant:    $12,5,000. 

Assay  of  ore  to  mill  30.0  ounces  of  silver. 

Assay  of  tailing  to  waste  4.5  ounces. 

85%X30  ozs  =  25.5  ounces  recovered. 

2.5.5  OZS.X55C .$14,025 

Marketing:    25.5  ounces  @  4.6c $1 .  173 

Working  Costs: 

Operating 29.2 

Power  and  Light 25 . 0 

Repairs 15.2 

Management,  etc 12.0 

Steel 7.2 

Fuel 4.6 

Assaying  and  Sampling 4.3 

Screens  and  General 1.8 

Oil 9  1.002 

Writing  off  Plant  in  10  years .  201 

Interest  on  Investment  @  6% .060 

Loss  by  Volatilization  1.34% .188 

Insurance  @  2.2% .044                    2.668 


$11,357 

Summary. 

From  these  figures  and  from  a  survey  of  general  conditions 
in  the  camp  I  would  say: 

1.  That  on  a  high  grade  ore,  giving  a  30  ounce  stamp 
discharge,  the  advantage  seems  to  be  in  favour  of  cyaniding. 

2.  That  on  the  average  milling  ore  of  the  camp  the  margin 
either  way  is  a  very  close  one. 

3.  That  on  the  low  grade  ore — giving  a  stamp  discharge 
of  8  to  12  ounces^the  advantage  is  in  favour  of  concentration. 

4.  That  the  combined  concentrating  and  cyaniding  pro- 
cess presents  many  possibilities. 

Future  Problems. 

A  problem  which  is  yet  unsolved  is  to  find  a  satisfactory 
means  of  treating  the  large  accumulation  of  3  to  4  ounce  sand 
and  6  to  8  ounce  slime  tailings,  and  it  is  probably  along  this 
line  that  improvements  will  be  made  in  concentration. 


MlLLlNC;    1*KA{  TICE  IN   CoiJAI/f       RkII)  63 

'l'lu>  lower  tailing  from  [\\v  cyiuiidiiig  ])rocess  leaves  too 
narrow  a  margin  lor  nuicli  advance  in  lliis  direetion.  Further 
improvements  in  eyaniding  practice  therefore  will  probably 
aim  to  reduce  the  high  cost  of  treatment. 

Conclusion. 

In  conclusion  it  may  be  said  that  in  every  respect  the 
milling  practice  in  Cobalt  has  kept  well  abreast  of  the  general 
improvement  in  metallurgical  practice  throughout  the  world, 
and,  in  the  field  of  hydrometallurgy,  has  contributed  to  the  art 
several  improvements  of  far-reaching  importance. 

For  permission  to  publish  costs  and  data,  and  for  courtesy 
extended,  I  wish  also  to  express  my  thanks  to  Mr.  R.  H.  James 
of  the  O'Brien,  Mr.  Moffat  of  the  Beaver,  and  Mr.  R.  P. 
Rogers  of  the  Coniagas  Mines. 


THE  MILL  AND  METALLURGICAL  PRACTICE  OF  THE 
NIPISSING  MINING  COMPANY,  LTD., 
COBALT,  ONTARIO.* 

By  James  Johnstox,  Cobalt,  Oxt. 

Annual  Meeting,  Mcntrcal,   1911, 


Upon  the  completion  and  successful  operation  of  a  mill 
to  treat  high  grade  silver  ores  the  Nipissing  Mining  Company, 
under  the  general  management  of  Mr,  R.B.  Watson,  commenced 
a  series  of  investigations  having  as  their  object  the  possible 
successful  treatment  of  low  grade  Cobalt  silver  ores  by  the 
cyanide  process,  with  a  view  to  the  marketing  of  silver  bullion 
only.  Experimental  tests  were  made  on  a  large  scale,  in  July 
1911,  by  Mr.  G.  H.  Clevenger  who  used  for  his  experimentation 
an  average  mixture  of  Nipissing  ores:  a  partial  amalgamation 
followed  by  cyanide  treatment  gave  an  extraction  ranging  from 
90%  to  93%,  and  this  test  was  so  encouraging  as  to  warrant  Mr. 
Charles  Butters,  the  Company's  consulting  metallurgist,  in 
recommending  that  the  new  low  grade  ore  mill  then  under  con- 
templation should  be  a  cyanide,  instead  of  a  concentrating, 
mill.  The  cost  of  a  cyanide  mill  with  a  capacity  to  treat  200 
tons  per  day  was  estimated  at  about  $'250,000,  and  it  was  also 
estimated  that  with  such  a  mill  it  would  be  possible  to  obtain 
a  90%  extraction  at  a  working  cost  of  $3  per  ton  of  ore  treated 

This  decision  respecting  the  type  of  mill  and  process  was 
arrived  at  after  comparing  concentration,  which  involved  the 
shipment  of  concentrates  to  a  smelter,  with  cyanidation,  which 
droduced  metallic  silver  bullion,  999  fine,  as  the  final  product. 

The  following  table  shows  the  comparisons  made: — 

*By  special  arrangement  this  paper  has  been  presented  for  simultaneous 
publication,  to  i)oth  the  American  Institute  of  Mining  Engineers  and  the 
Canadian  Mining  Institute. 
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05 


Comparison  of  Mills  Treating  200  Tons  Per  Day. 

Assay  of  Ore  30.90  oz.  oomniercial 

1.10    "  corrcclion  on  pulp 


32.09 

Concentralion    Mill   lo   give   an   S0% 
exlraclion. 

Approximate  Cost  $160,000.00 

SO%x  32.09  oz.  =  25.07 

ozs.  '<i>^  o2c.= $13.3,5 

^Yorking  costs $1.25 

Marketing  concentrates 
10% 1-33 

Difference  between  cor- 
rected and  commer- 
cial assav  on  concen- 
trates =2% 0-27        2.85 


corrected  assay 

Cyanide    Mill    to    give    a    00% 

extraction. 
Approximate  Cost  $250,000.00 

90%  X  32.09  oz.  =  28.88 

((i  52  c.  plus  3-10  c.  in- 
crease price  in  mar- 
keting=   $15.10 

Working  cost= 3.00 

Express  on  bullion, 
$3.50  per  cwt.=  23c. 
peroz.  on  28.88  ozs  =     0.07 


$10.50  Profits  per  ton. 


Profits  per  ton 

Profits  per  ton  from  Cyanide  Mill $12.09 

"    Concentration  Mill 10.50 


3.07 
$12.09 


Profits  in  favour  of  Cyanide  Mill. 


$1.59  per  ton  ore 

treated. 

Thus  it  will  be  seen  that  a  cyanide  mill,  after  having 
treated  56,600  tons  (283  day's  run),  would  have  reimbursed  the 
Company  for  the  extra  $90,000.00  required  for  its  construction, 
provided  it  were  possible  to  obtain  the  above  results. 

The  results  that  are  now  being  obtained  in  the  cyanide 
mill  are  as  follows : 

Cost  .of  construction $254,839.52 

Extraction  on  26  oz.  ore 92%  to  93% 

Working  costs  less  than $3.00  per  ton 

Tonnage  treated  per  day 244 

The  above  figures  prove  conclusively  that  the  results  ob- 
tained in  the  preliminary  experiments  have  been  more  than 
borne  out  in  actual  practice,  thus  fully  justifying  the  adoption 
of  this  type  of  treatment. 

The  cyanide  mill  has  an  additional  advantage  over  the  con- 
centrator in  that  it  is  able  to  get  an  extraction  of  over  90% 
on  the  arsenic-antimony-silver  combinations  and  on  the  decom- 
posed silver  minerals  found  in  some  veins,  on  which  concentrators 
can  make  only  a  poor  saving. 
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During  the  construction  of  the  mill  experimental  work  was 
continued  with  a  view  to  simplifying  and  bettering  the  process 
as  it  was  then  known,  and  also  to  more  fully  determine  methods 
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for  t)vcivoiniii^  llie  ilillicullk's  lliaL  ollicrs  had  experienced  in 
tlu'ir  unsufcesstul  atteinj)ts  to  make  such  ores  amenable  to  an 
all-cyanide  treatment.  Some  of  the  results  obtained  during 
this  time  have  been  ably  recorded  by  Mr.  J.  J.  Denny  in  an 
article  on  "Desulphurizing  Silver  Ores  at  Cobalt,"  published 
in  the  Mining  and  Scientijic  Press  under  date  of  September  27th, 
1913;  and  in  an  article  on  "Aluminum  Dust  Precipitation" 
in  the  issue  of  i\\e  Engineering  and  Mining  J ournal  of  May  10th, 
1913,  Mr.  E.  M.  Hamilton  fully  records  the  difficulties  experi- 
enced elsewhere  by  the  fouling  of  the  cyanide  solution  where 
zinc  dust  is  used  as  a  precipitant  and  the  conclusion  which  led 
to  the  adoption  of  aluminum  dust  as  the  precipitant  in  this  mill. 

A  mill,  with  a  i)roposed  capacity  of  200  tons  per  day,  was 
designed  by  Mr.  Butters  and  the  writer.  Provision  was  made 
in  the  plan  so  that  any  change  could  be  made  during  con- 
struction, should  the  results  on  the  further  experimental  work 
which  Mr.  Butters  had  suggested  indicate  that  everything  could 
be  treated  by  an  all-cyanide  process.  The  experience  gained 
from  these  tests  resulted  in  modifications  of  the  plans  and  flow 
sheet  before  erection  was  completed,  to  enable  aluminum  dust 
precipitation  and  the  desulphurizing  process  to  be  introduced. 

A  synopsis  of  the  mill  process  is  as  follows: 

Crushing  the  ore  to  3"  in  gyratory  crushers  before  sending 
it  to  the  washing  plant. 

Hand  picking  and  jigging  of  the  high  grade  ore  in  the  wash- 
ing plant,  the  product  from  which  is  then  sent  to  the  high  grade 
ore  mill. 

Crushing  the  discards  from  the  washing  plant  (known  as 
low  grade  ore)  to  IH"  mesh  and  sending  them  to  the  battery. 

Crushing  the  low  grade  ore  in  the  battery  and  in  tube  mills 
in  a  caustic  soda  solution,  forming  an  all-slime  product. 

Collecting  the  slimes  and  desulphurizing  them  in  tube  mill 
and  tanks. 

Dewatering  the  slimes  and  transferring  them  to  tanks  for 
cyanide  treatment. 

Filtering  the  slimes  and  discharging  them  to  waste  dump. 

(E) 
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Precipitation  of  the  cyanide  solution,  coming  from  the 
slime  treatment  tanks  and  the  filter,  by  aluminum  dust.  The 
aluminum  dust  precipitate  is  taken  to  the  refinery  and  there 
melted  and  refined  to  silver  bullion  of  997-999  fineness.  The 
details  are  on  the  flow  sheet  and  plans. 


Nippising  Low  Grade  Ore  Mill 
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The  mill  site  is  piaclically  on  liie  higliest  point  of  the 
Nipissin<ij  Hill  iind  is  so  located  that  easy  tram  line  communica- 
tion can  be  made  between  any  point  on  the  Comj)any's  property 
and  the  mill;  it  also  allows  ample  dump  capacity  below  the 
mill  for  residues. 

Excavations. 

These  were  started  in  November,  1911,  and  the  following 
data  show  the  cost  for  soil  and  rock  work.  The  figures  given 
are  fair  averages,  other  parts  of  the  same  class  of  work  on  other 
levels  costing  a  little  more  or  less. 

Roil  ivork  on  tank  floor  level  containing  240-4  cubic  yards. 

Labour $1369.00 

Sundry  Supplies 59.76 

Teaming 6.03 

Blacksmith's  Shop 17.60 

$1452.39  =  $0,604  per  cubic  yd. 

Rock  Work  on  same  floor,  containing  3144  cubic  yards. 

Labour $5539.00 

Sundry  Supplies 123.52 

Explosives 279.41 

Blacksmith's  Shop 102.75 

Air  Drills 1196.32 

Hauling  rock  to  dump 1503.68 

Lumber 25.50 

$8770.18  =  $2.79  per  cubic  yd. 

Foundations. 

The  walls  for  buildings  and  machinery  foundations  are  of 
concrete.  The  crushing  and  mixing  plant  for  concrete  making 
was  placed  on  a  level  above  the  uppermost  floor,  from  which  the 
material  was  transferred  by  chutes  and  cars  into  the  various 
foundation  forms,  the  necessary  machinery  being  driven  by  com- 
pressed air.  A  mixture  of  1  of  cement,  3  of  sand,  and  5  of 
stone,  (together  with  the  addition  of  all  the  large  stone  the 
concrete  would  hold  as  it  lay  in  place  in  the  forms),  was  used 
throughout  the  foundations,  with  the  exception  of  the  battery, 
tube  mill,  and  other  machinery  foundations  which  were  to  be 
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subjected  to  much  vibration.  In  these  cases  the  upper  one  or 
two  feet  of  the  foundation  were  strengthened  by  the  addition 
of  cement. 

The  following  are  representative  costs: 

Battery  foundation  and  walls,  for  the  building  and  ore  bins, 
Battery  bloek  =  848  cubic  yards  concrete 

Building  and  walls    =  349       "  "  " 

Total  1195  cubic  jards;    used  945  bbls.  cement 

Labour $2669.48 

Supplies 3735.33 

Lumber 246.57 

Carpenter  shop  labour 790.86 

Machine  shop  labour 87.78 

Teaming 139.34 

Fuel 12.85 

Air  for  operating  machinery 400.00 

$8082.21  =  $6.76  per  cubic  yard 
Retaining  walls  and  sundry  small  walls  and  foundation  on  tank  floor  lead  : 
434  cubic  yards  used  485  barrels  cement. 

Labour $1645.57 

Supplies 2152.52 

Lumber * 337.76 

Carpenter  shop  labour 1180.05 

Machine  shop  labour 26.09 

Teaming 26.33 

Fuel 12.85 

Air  for  operating  machinery 300.00 

$5681.17  =  $13.09  per  cubic  yard 

Cement  was  shipped  to  the  mill  in  bags  of  which  four  were 
equivalent  to  one  barrel,  the  total  consumption  being  3,355 
barrels  at  an  average  cost  of  $2.06  per  barrel.  Only  65%  of 
the  empty  bags  were  fit  to  be  returned  to  the  cement  company, 
the  balance  having  been  destroyed  in  shipment  and  handling. 

The  various  forms  for  concrete  foundations,  etc.,  around 
the  mill  made  use  of  26,339  ft.  b.m.  of  1"  boarding  and  20,771  ft. 
b.m.  of  other  sizes  of  lumber,  part  of  which,  when  taken  down, 
was  used  for  other  purposes. 

The  mill  building  is  constructed  with  wood  framing,  cov- 
ered with  1"  boarding,  building  paper  and  corrugated  iron,  so 
as  to  make  a  warm  building  for  winter  service.     There  were 
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used  398,001  ft.  b.m.  lumber  in  its  construction  ;  of  this 
148,250  ft.  b.m.  was  1"  boarding.  The  total  quantity  of  lumber 
employed  in  the  whole  of  the  construction  was  1,199,200  ft. 
b.m..  the  value  of  which  was  $23,731.33. 

The  following  statements  cover  the  complete  cost  of  the 
construction  of  the  mill.  These  accounts  were  closed  about 
three  months  after  the  mill  went  into  operation,  so  that  all 
the  adjustments  made  necessary  after  the  starting  of  the  mill, 
in  which  some  new  departures  in  metallurgy  were  being  ex- 
ploited, are  included  in  these  total  costs. 

Cost  of  Construction  of  the  Low  Grade  Ore  Mill  (Crush- 
ing AND  Cyanide  Section). 

The  original  estimated  cost  of  this  section  of  the  mill  as 
enumerated  in  the  following  list  of  departments  was  made  in 
October,  1911,  and  totalled  $250,000.00. 

Departments  Cost  to  Jan. 

31st    1913 

Store  and  office  buildings $725.65 

Proportion  office  and  supervision  during  construction 6,652.97 

Excavations 29,728.30 

Foundations 20,159.39 

Buildings  over  mill 24,618.99 

Battery  equipment 24,241.42 

proportion  electrical  equipment 5,267.38 

Tube  mills  and  classifiers 23,223.80 

proportion  electrical  equipment 12,091.02 

Slime  treatment  and  storages 31,519.84 

proportion  electrical  equipment 4,477.26 

Cyanide  filter  plant 14,154.92 

"     proportion  electrical  equipment 3,040.71 

Piping,  pumps,  etc 12,886.19 

Precipitation 9,989.23 

"              proportion  electrical  equipment 239.42 

Heating  plant 12,333.70 

Water  service 5,288.57 

"          "        proportion  electrical  equipment 1,028.13 

$241,666.89 
To  this    cost  was  added  later  the  installation  of  the  intermediate 
filtering    and    desulphurizing    equipment,    not    included    in 
original  estimate 13,172.63 

Total  Cost  of  Mill $254,839.52 
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Other  mill  construction  work  undertaken  at  the  same  time 
and  which  would  have  been  common,  either  to  a  cyanide  mill 
or  a  concentrator,  is  as  follows  : 

Tram  Lines,  Washing  Plant,  Etc.  Section. 

Department.  Cost  to  Jan. 

31st    1913 

Crushing,  sorting  and  jigging $25,836.64 

"       proportion  electrical  equipment 2,274.55 

Meyer  crushing  section 5,945.98 

Tramlines  serial 18,299.05 

Kendall 6,499.61 

Fixing  roads 4,386.02 

Workshops 4,813.14 

Proportion  office  and  supervision  during  construction.. 1,756.26 

*  

Total  Cost $69,811.25 

Ore  Delivery 

All  the  ore  from  the  various  workings,  after  it  has  been 
crushed  to  3"  cubes  in  gyratory  crushers,  is  delivered  into  the 
ore  bins  of  the  washing  plant.  The  ore  from  the  northwest  side 
of  Cobalt  Lake  is  conveyed  to  the  plant  by  a  Bleichert  aerial 
tramway  3,560  feet  long  having  a  rise  from  the  loading  to  the 
unloading  station  of  172  feet;  the  longest  span  is  1,080  feet 
which  is  the  distance  across  Cobalt  Lake.  The  buckets  travel 
at  the  rate  of  500  feet  per  minute  and  the  tramline  delivers  110 
buckets  of  6  cubic  feet  capacity  each,  equivalent  to  about  35 
tons  per  hour,  and  requiring  10  h.p.  to  operate  the  line.  The 
ore  from  the  workings  of  the  property  situated  on  the  mill  side 
of  Cobalt  Lake  is  delivered  to  the  mill  by  surface  tramlines. 

Washing  Plant. 

The  ore  bins,  of  which  there  are  four,  each  of  80  tons 
capacity,  are  so  arranged  that  one  class,  or  several  classes,  of 
ore  may  be  sent  to  be  milled  as  conditions  require.  The  ore 
from  the  bins  is  loaded  into  a  20-cubic  foot  car  and  passed  over 
a  Fairbanks  registering  scale  which  makes  a  record  of  the  total 
weight  of  ore  delivered  to  the  mill.  The  ore  is  then  fed  through 
a  long  washing  trommel,  40"  in  diameter  and  10  feet  in  length, 
which  makes  14  revolutions  per  minute;  the  screen  portion  of 
this  trommel  is  perforated  with  holes  1}^"  in  diameter.     The 
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oversize,  or  coarse  ore,  from  the  screen  falls  on  a  picking  belt 
30"  wide  from  which  the  hand  picked  portion  of  the  high  grade 
ore  is  sorted,  the  low  grade  portion  being  conveyed  by  the  belt 
and  delivered  to  a  crusher  by  which  it  is  broken  to  13^"  mesh 
before  passing  into  the  battery  ore  bins.  The  undersize,  or 
ore  which  falls  through  the  perforations  of  the  first  trommel, 
goes  to  a  washing  trommel,  30"  in  diameter  and  6  feet  long* 
which  makes  20  revolutions  per  minute;  this  washing  trommel 
has  a  screen  with  Y^"  round  holes,  the  over  size  of  which  goes 
to  two  jigs  which  are  fitted  with  rolled  slot  wire  cloth  screens 
the  width  of  the  slots  being  0.115".  From  this  screen  the  first 
portion  going  to  the  jigs  is  collected.  The  undersize  from  this 
last  trommel  is  conveyed  to  another  trommel,  36"  in  diameter 
and  9  feet  long,  which  makes  20  revolutions  per  minute;  the 
screen  has  round  holes  of  3  milimeters  in  diameter  and  the  dis- 
cards, or  oversize,  from  this  last  screen  go  to  two  other  jigs 
which  also  are  fitted  with  rolled  slot  wire  cloth  screens,  the 
width  of  the  slot  here  being  0.040";  and  at  this  point  the  second 
jig  portion  of  the  high  grade  ore  is  obtained. 

The  undersize  from  this  last  trommel,  together  with  the 
discards  from  the  four  jigs  is  elevated  to  a  dewatered  trommel, 
which  is  30"  in  diameter  and  6  feet  long  and  which  has  a  wire 
cloth  screen  with  3  meshes  to  the  inch.  From  this  dewatered 
trommel  the  oversize  joins  that  portion  of  the  ore,  coming  from 
the  picking  belt,  which  is  destined  for  the  battery  bins,  while 
the  undersize  is  sent  direct  to  join  the  pulp  from  the  battery 
before  it  goes  into  the  tube  mills.  This  portion  of  the  ore, 
amounting  to  about  10%  to  15%,  represents  the  original  fines 
as  they  come  from  the  mine  and  also  the  fines  which  may  have 
been  produced  in  the  preliminary  stages  of  crushing.  The 
bi-passing  of  these  fines  around  the  stamp  batteries  has  very 
successfully  and  materially  assisted  the  battery  work. 

The  water  used  in  the  washing  plant  is  continually  cir- 
culated by  a  centrifugal  slime  pump  4"  in  diameter.  A  few 
pounds  of  lime  are  added  to  the  water  daily  to  assist  the  settle- 
ment of  slimes,  which  are  collected  in  two  tanks,  each  of  which 
is  12  feet  in  height  and  whence,  after  settlement,  the  slimes  flow 
to  the  tube  mill   pulp  storage  tanks.     The  power  required  to 
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operate  this  plant  for  9  hours  is  35  k.w.  during  which  time  from 
300  to  350  tons  are  handled. 

This  part  of  the  practice  followed  very  successfully  the 
lines  of  previous  sorting  and  jigging  which  had  been  worked  out 
by  the  Company,  and  it  owes  much  of  its  success  to  Mr.  H.  A. 
Kee  and  his  experience  in  this  class  of  work. 

The  high  grade  ore  which  is  sorted  out  in  this  part  of  the 
mill  varies  considerably  in  grade  and  in  quantity,  but  the  aver- 
age figure  taken  on  the  basis  of  each  100  tons  treated  is  as  fol- 
lows : 

Hand  picked  ore  0.662  tons  Average  value  2803  oz.  per  ton 

First  jigs 0.265      "  "  "    2496 


<<     (I 


((     << 


Second  jigs 0.138      "  "  "     2200 

1.065  Tons  2648.47  oz. 

This  ore  is  then  sent  to  the  high  grade  ore  mill  where  it  is 
treated  by  the  cyanide  amalgamation  process  described  in  Mr. 
R.  B.  Watson's  article^  a  recovery  of  97%  being  obtained  by 
amalgamation,  and  a  further  2%  by  cyaniding,  or  a  total  re- 
covery of  99%  from  ore  carrying  2,648.47  ozs.  silver  per  ton. 
The  residues,  which  contain  from  8%  to  9%  of  cobalt,  are 
afterwards  sold  for  the  value  of  the  cobalt,  and  85%  of  the  silver 
contents,  so  that  from  an  ore  of  the  above  original  head  value, 
there  are  about  4  oz.  only  of  the  silver  values  not  paid  for. 

The  ore  after  being  crushed  to  l}^."  in  a  No.  4  gyratory 
crusher  is  transferred  on  a  20"  belt  conveyor  into  the  mill 
building;  then  elevated  by  a  16"  bucket  elevator  into  the  bat- 
tery ore  bin,  which  has  a  capacity  of  780  tons. 

The  feeders  are  of  the  suspended  Nelson  type. 
Battery. 

The  mortar  block  foundations,  consisting  of  846  cubic 
yards,  are  of  concrete  81  ft.  long  and  6  ft.  wide  on  top,  with  the 
anchor  bolts  set  in  on  an  incline;  and  facilities  are  provided  for 
dropping  the  bolts  so  that  a  mortar  may  be  easily  removed. 


^See  R.  B.  Watson's  article  on  Nipissing  high  grade  ore  mill  in  the  Engi- 
neering  &  Mining  Journal  of  Dec.  7th,  1912. 
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Tho  l);ittcry  posts  are  W  x  ^20"  and  '2i"  x  26"  set  in  cast  iron 
shoes,  ruhl)er  }\x"  thick  bein^'  phiced  between  shoes  and  con- 
crete. Tiie  mortars  are  Fraser  &  Chahners,  No.  101  type  for 
rapid  discharge,  weigh,  with  steel  liners  12,410  lbs.  each,  and 
have  rubber  3^"  thick  placed  between  them  and  the  concrete. 

There  are  forty  1,500  lb.  stamps,  five  to  each  camshaft,  and 
the  order  of  drop  is  1,  3,  5,  2,  4  with  a  set  height  of  8"  at  96 
drops  per  minute.  The  camshaft  is  of  7"  diameter,  of  the  Blan- 
ton  fluted  type,  and  the  stems  are  4"  in  diameter.  The  height 
of  discharge  is  maintained  at  1"  above  the  level  of  the  dies. 

The  different  parts  of  the  stamps  weigh  when  new  as 
follows : 

Swedish  iron  stem,  4"  dia.  x  16  ft.  long. 681  lbs. 

Cast  steel  tappet,  10^"  x  14",  keys  and  gib 190  " 

Cast  steel  head,  9}4"  dia.  x  24"  long 412  " 

Forged  chrome  steel  shoe,  dj/^"  x  12" 254  " 

1,537  lbs. 

Each  battery  of  ten  stamps  is  driven  by  a  40  h.p.  motor  running 
at  575  revolutions  per  minute.  The  motor  is  placed  directly 
under  the  ore  bin  and  drives  with  a  12"  wide  rubber  belt  to  the 
countershaft  placed  below  the  feeder  and  mortar  floor.  This 
countershaft  runs  at  113  revolutions  per  minute  and  is  placed 
at  11'  7"  centres  from  the  motor.  Drive  from  countershaft  to 
camshaft  is  by  a  12"  wide  x  8  ply  belt  to  a  0  ft.  diameter  cam- 
shaft pulley.  The  operation  of  the  various  battery  motors  is 
controlled  by  individual  switchboards  arranged  side  by  side, 
under  the  battery  ore  bins. 

The  ores  from  the  Cobalt  district  are  very  hard  and  tough 
as  may  be  seen  by  the  figures  given  in  the  following  table: 

Battery  Screens  and   Crushing   Duty. 

Stamps  Mesh  per  Size  of  Wire  Aperture  Stamp  Duty 

operation  inch  inch  inch  per  24  hrs. 

Early  Practice. 

20  8x8  0.048  0.077  } 

20  2x4  0.072  0.178)  o.<  lous 

Present  Practice. 

20  3x3  0.072  0.261  )  „ 

20  2x2  0.092  0.408)  o./ions 
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Screen  Pulp  Grading  Mesh. 

+  8  +20  +60  +100        +150        +200       -200  -200 

Sands  Slimes 

25.1%     29.8%    17.89%    5.937o     1-93%     1.65%       4.28%         12.43% 

The  battery  screens  are  18"  deep  and  are  made  of  high 

carbon  crucible  cast  steel,  double  crimped,  wire  cloth.     This 

quality  of  screen  has  been  in  operation  now  for  three  months, 
and  shows  practically  not  signs  of  wear. 

The  chilled  cast  iron  liners,  1"  thick,  of  the  mortars  last 
but  30  days,  while  Manganese  steel  liners  last  as  long  as  165 
days.     The  life  of  the  shoes  is  105  days,  equal  to  703.5  ton  days. 

The  power  necessary  to  drive  each  10  stamps  is  23  k.w. 

A  dilution  of  about  seven  of  solution  to  one  of  ore  gives 
the  best  results  in  the  mortars  whilst  crushing. 

The  battery  feed  tank  is  20  ft.  in  diameter  and  15  ft.  deep; 
it  contains  147  tons  of  solution,  and  the  bottom  of  the  tank  is 
8'  6"  above  the  top  of  the  mortar.  The  main  pipe  between 
tank  and  batteries  is  6"  diameter,  with  flanged  connections  for 
pipes,  fittings  and  valves,  to  enable  the  easy  cleaning  of  pipes. 

On  account  of  the  preliminary  desulphurizing  treatment 
which  is  given  to  the  ore  before  it  is  cyanided,  it  is  necessary  to 
crush  in  the  battery  with  a  0.25%  caustic  soda  solution,  having 
no  cyanide  in  it;  5  lbs.  of  lime  are  added  to  each  ton  of  ore,  as 
it  is  placed  in  the  battery  ore  bin;  this  is  necessary  for  the 
settlement  of  the  slime  in  the  collecting  tanks,  enabling  a  clean 
solution  to  be  returned  for  recrushing  and  classification  pur- 
poses. 

Classification  and  Fine  Grinding 

The  importance  of  extremely  fine  grinding  was  clearly 
demonstrated  in  the  early  experiments,  and  further  experi- 
mental work  confirmed  this.  The  grinding  was  then  considered 
on  the  basis,  that  all  the  ore  (metallic  silver  included)  had  to 
be  ground  to  pass  a  200  mesh  screen;  that  this  product  had  to 
be  classified  to  take  out  the  — 200  mesh  sands  for  regrinding  and 
further  classification,  until  there  remained  only  about  15  to 
20%  sand,  much  finer  than  —200  mesh,  in  the  product  delivered 
to  the  cyanide  plant. 
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The  iuhhI  for  an  accural c  inotliod  to  dctcrniiiie  the  per- 
centage and  grading  of  these  sands  and  slimes  was  soon  apparent 
and  resulted  in  the  use  of  a  small  system  of  cone  classification 
to  replace  the  earlier  practice  of  hand  panning.  Three  tin 
cones,  respectively  53^2"  diameter,  1"  diameter  and  103^" 
diameter  at  the  top,  were  arranged  in  series  for  these  tests  with  a 
water  dilution  tank,  8"  diameter  by  ^Yl"  deep,  so  placed  as  to 
give  a  6"  head.  The  pulp  to  be  tested  is  slowly  fed  into  the 
first  and  smallest  of  this  series  of  cones  and  the  different  grades 
of  sands  and  slimes  are  recovered  from  each  cone.  As  this 
device  worked  fairly  accurately,  two  of  them  were  installed, 
so  that  a  constant  check  could  be  kept  on  this  work,  as  the 
final  residues  from  the  cyanide  plant  almost  invariably  rise 
or  fall  according  to  the  efficiency  of  the  grinding. 

As  an  instance  of  this,  when  the  mill  pulp  is  delivered  to 
the  cyanide  plant  it  shows  a  grading  test  as  follows: 

3%  to    4% +200  mesh 

30%  to  35%  sands  in -  200  mesh 

The  final  residue  after  cyanide  treatment  assays  about  3.5  0  oz 
to  5.00  oz.  silver  per  ton. 

When  the  pulp  shows  grading  test  as  follows : 

0.5%  to     1.0% +200  mesh 

15.0%  to  20.0%  sands  in -  200  mesh 

the  final  residue   after   cyanide   treatment   assays   under    2.00 
oz.  silver  per  ton  of  ore. 

The  necessity  of  such  fine  grinding  of  the  ore  accounts  for 
the  large  tube  mill  and  classifier  capacity  as  compared  with  the 
number  of  stamps  operating.  The  classification  is  obtained 
with  one  Drag  classifier  and  6  Dorr  duplex  classifiers,  the  slime 
overflow  lips  of  which  were  raised  5"  to  give  greater  opportunity 
for  the  settlement  of  the  -200  mesh  sands,  and  to  prevent 
them  from  being  carried  over  with  the  fine  slimes  as  they  over- 
flow to  the  cyanide  plant. 

Tube  Mills 

The  four  tube  mills  are  6  ft.  in  diameter  x  20  ft.  long  with 
end  bearings  20"  diameter  x  18"  long.  The  feed  end  bearing 
or  gudgeon  is  fitted  with  a  removable,  hard  iron,  spiral  grooved. 
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liner,  9"  inside  diameter,  to  the  outside  of  which  is  fastened 
the  feeding  device,  consisting  of  a  cast  iron  spiral  scoop,  inside 
dimensions  of  which  are  6"  x  G".  This  scoop  picks  up  from  a 
wooden  box  the  pulp  which  is  to  be  fed  into  the  mill.  The 
discharge  and  gudgeon  has  a  chilled  cast  iron  screen  with  3^2" 
diameter  holes  in  it  to  retain  the  pebbles  inside  the  mill.  The 
shell  of  the  mill  is  9-16"  thick  and  Silex  bricks  4"  thick  are  used 
for  inside  lining.  There  are  two  18"  x  18"  manholes.  The 
mills  run  at  25  revolutions  per  minute  and  are  driven  by  pinion 
and  spur  gears  of  15  and  100  teeth  with  SVz"  pitch  and  12" 
face,  from  a  countershaft  to  which  the  96"  diameter  x  19"  face 
driving  pulley  is  connected  through  a  quill  and  friction  clutch 
The  weight  of  the  2  cast  steel  heads,  iVg",  is  12,000  lbs.  The 
total  weight  of  each  mill  is  45,375  lbs. 

The  mills  are  arranged  parallel  to  each  other  and  at  right 
angles  to  the  battery,  the  driving,  shafting  and  gears  being 
arranged  at  the  feed  end  of  the  mill.  Each  mill  is  driven  by  a 
125  h.p.  motor  running  at  580  revolutions  per  minute,  the 
motor  pulley  is  28"  diameter  and  19"  face,  and  is  belted  to  the 
96"  diameter  pulley  on  the  countershaft.  Two  of  the  mills, 
with  their  motors,  are  placed  with  19'  4"  between  centre  lines 
the  other  two  with  24'  4"  centres,  the  drive  being  transmitted 
through  8-ply  endless,  stitched,  rubber  belting,  18"  wide. 

This  system  of  driving  has  proved  very  satisfactory;  none 
of  the  belts  after  12  months  continuous  service  having  yet 
been  cut  or  spliced.  The  power  necessary  to  drive  each  mill, 
when  they  are  carrying  a  pebble  load  which  is  about  2"  to  3" 
above  the  centre  line  of  the  tube  mill,  is  85  k.w.  The  mills 
operate  in  a  closed  circuit,  two  of  them  taking  the  classified 
pulp  from  the  battery  and  the  other  two  taking  the  classified 
fine  sands  for  regrinding.  The  two  coarse  grinding  tube  mills 
are  charged  with  flint  pebbles  and  a  hard  ore  pebble,  selected 
from  the  hardest  portion  of  the  run  of  mine  ore;  the  average 
consumption  of  pebbles  in  these  two  mills,  per  ton  of  ore 
crushed,  is  about  1.8  lbs.,  of  flint  pebbles  and  2.0  lbs.  of  ore 
pebbles.  The  two  fine  grinding  tube  mills  are  charged  with 
flint  pebbles  only  and  the  average  consumption  per  ton  of  ore 
crushed  is  about  4.3  lbs.,  thus  giving  a  total  consumption  of 
6.1  lbs.  of  flint  pebbles  and  2  lbs.  of  ore  pebbles. 
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The  best  grinding  efficiency  is  obtained  in  all  mills  when 
the  pulp  carries  about  -iC^'^i  of  solution. 

The  following  data  afford  the  particulars  of  the  feed  and 
discharge  of  the  mills  when  operating  on  the  basis  of  244  tons 
per  day  : 
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The  battery  pulp  is  conveyed  to  and  classified  in  the  first 
set  of  four  classifiers;  the  slimes  overflow  direct  to  the  slime 
collecting  tanks  in  the  cyanide  plant  and  the  oversize  from  all 
four  is  delivered  into  the  two  coarse  grinding  tube  mills. 

The  above  table  shows  the  grading  of  the  product  fed  into 
these  mills. 

The  discharge  from  the  coarse  grinding  tube  mills  then 
flows  into  the  second  set  of  two  Dorr  classifiers,  where  it  is  again 
separated  into  slimes  and  sands,  the  slimes  overflowing  into 
the  same  slime  collecting  tanks  and  the  sands  are  elevated 
to  the  two  fine  grinding  tube  mills.  The  above  table  shows 
the  grading  tests  of  these  mills. 
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The  discharge  from  the  fine  grinding  tube  mills  flows  into 
the  drag  classifier  and  the  above  set  of  two  Dorr  classifiers; 
the  slimes  overflow  to  collecting  tanks  and  the  sands  are  return- 
ed for  further  fine  grinding. 

In  this  system  all  sands  and  metallic  silver  are  kept  in  a 
closed  circuit  until  they  have  been  ground  fine  enough  to  over- 
flow the  weirs  of  the  classifiers;  and,  on  account  of  the  fine 
product  desired,  the  weirs  were  raised  and  the  capacity  of  these 
standard  classifiers  was  very  much  reduced  so  as  to  give  more 
opportunity  for  settlement. 

The  best  classification  is  obtained  when  working  with  a 
dilution  of  about  8%  solution  to  1  of  ore,  and  frequent  sampling 
of  the  slime  overflow  is  necessary  to  ensure  that  too  many 
fine  sands  are  not  passed  over  to  the  collecting  tanks. 

Tonnage  and  Values. 

All  the  ore  is  weighed  into  the  mill  over  a  Fairbanks 
registering  scale,  a  simple  and  effective  method  of  recording  the 
tonnage.  These  weights  are  then  checked  against  the  usual 
method  of  specific  gravity  tonnage  determination,  made  in  the 
slime  plant,  and  after  a  seven  months'  mill  run  there  was  only 
a  variation  of  one-eighth  of  1%  between  the  two  methods. 

Many  moisture  determinations  have  been  made  on  a  large 
scale  on  the  ore  entering  the  mill,  and  the  average  shows  1.5% 
moisture  during  the  summer  months  and  2.0%  during  the  winter 
months. 

The  head  assay  value  is  taken  by  an  automatic  sampler, 
the  slotted  pipe  of  which  cuts  vertically  through  the  mill 
pulp  as  it  enters  the  cyanide  plant,  about  every  6  minutes. 
The  ore  in  the  pulp  at  this  stage  has  all  been  crushed  to  finer 
than  200  mesh  in  a  caustic  soda  solution,  with  no  cyanide; 
hence  this  ensures  as  correct  a  sample  as  it  is  possible  to  get. 
The  residue  sample  is  taken  while  the  filter  box  is  discharging, 
a  number  of  cuts  of  the  pulp  being  taken  from  each  dis- 
charge opening  and  then  all  mixed  together.  On  the  basis  of 
the  above  determinations  a  check  has  been  kept  on  the  silver 
bullion  produced,   and,   although   a  final  cleanup  will  not  be 
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taken  iiiilil  llu'  ciid  ot  the  year,  more  silver  is  already  being 
prixhieed  than  llie  coinincrcial  assay  ol"  the  ore  calls  for,  which 
warrants  the  consideration  of  the  difference  between  the  coin- 
inercia!,  and  the  corrected,  assay  values  of  the  ore. 

The  i)uli)  as  it  Hows  from  the  classifiers,  that  are  in  the 
crushing  department,  into  the  cyanide  plant  has  a  dilution  of 
11  solution  to  1  of  dry  slime. 

The  launders  around  tlie  mill  are  all  built  of  "i"  dressed, 
dry,  white,  pine.  The  one  from  the  battery  to  the  Dorr  classi- 
fier carries  a  pulp  ground  to  pass  two  meshes  to  the  inch  with 
a  water  ratio  of  7  to  1;  this  is  9"  wide  by  l}/2"  deep  and  is 
placed  on  a  15%  grade;  the  bottom  of  this  launder  is  lined 
with  a  chilled,  cast  iron,  liner  which  is  '}^  of  an  inch  in  thickness, 
the  wear  and  tear  on  this  plate,  which  has  been  in  operation 
for  twelve  months,  has  amounted  to  y^  of  an  inch. 

The  launder  carrying  the  oversize  from  the  classifiers  to 
the  tube  mill  has  a  pulp  diluted  to  40%  for  tube  mill  grinding; 
this  launder  is  4"  wide  by  8"  deep  and  the  bottom  is  lined  with 
tV  of  an  inch  sheet  iron.  The  launder  feeding  the  coarse 
grinding  tube  mills  has  a  30%  grade;  the  one  feeding  the  fine 
grinding  tube  mill  has  a  23%  grade.  The  launder  carrying 
the  discharge  from  the  tube  mills  to  the  lower  classifiers  is 
placed  on  a  Q}/2%  grade,  is  6"  wide  by  12"  deep,  and  is 
lined  with  rV  of  an  inch  sheet  iron  on  the  bottom  ;  the  tube 
mill  pulp  is  diluted  with  a  ratio  of  about  10  to  1.  The  launder 
carrying  the  overflow  over  all  the  classifiers  to  the  slime  collect- 
ing tanks  has  a  4.7%  grade,  is  9"  wide  by  8"  deep,  and  carries 
an  all-slime  product  diluted  to  about  11  to  1. 

The  overflow  from  the  slime  collecting  tanks  runs  to  the 
lower  battery  solution  tank  on  a  5.5%  grade  and  is  9"  wide  by 
12"  deep. 

The  launders  which  transfer  slimes  into  any  cyanide  treat- 
ment tank,  and  which  take  delivery  from  a  7"  centrifugal  pump 
of  1,000  gallons  per  minute  capacity,  are  22"  wide  by  18"  deep 
and  have  a  3.1%  grade;  they  carry  a  thickened  liquid  with  1 
of  slime  to  II/2  of  solution.  The  other  launders  which  transfer 
slimes  into  cyanide  treatment  tanks  take  delivery  from  a  4" 
centrifugal   pump    which   has   a   capacity   of   230   gallons   per 
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minute,  and  these  launders  are  11"  wide  by  12"  deep  and  have 
a  grade  of  3.1;  they  transfer 'a  pulp  of  the  same  ratio,  namely, 
13^^  of  solution  to  1  of  slime.  The  launders  which  take  the 
decanted  solution  from  the  cyanide  treatment  tanks  are  19" 
wide  by  15"  deep  and  have  a  1%  grade. 

Cyanide  Plant 

This  part  of  the  mill  is  placed  in  a  building  apart  from, 
but  connected  to,  the  battery  and  tube  mill  building.  It  is 
arranged  in  two  floors,  the  upper  one  containing  all  the  slime 
collecting  and  cyanide  treatment  tanks,  and  the  lower  one 
containing  all  the  solution  tanks,  slime  filters  and  pumps. 

There  are  on  the  upper  floor: 

3     34'  0"  dia.  x  13'  0"  deep  slime  collecting  tanks, 

7     34' 0"    "      X  13' 0"     "     slime  cyanide  treatment  tanks, 

2     34'  0"    "      X  13'  0"     "     stock    slime    pulp    tanks    for 

charging  filters. 

1     34'  0"    "      X  13'  0"     "     barren  solution  tank. 

These  tanks  are  placed  in  two  parallel  rows  and,  with  the 
exception  of  the  solution  tank,  are  all  fitted  with  a  mechanical 
stirring  apparatus,  driven  by  line  shafting  placed  over  the 
tanks  on  a  wooden  bridge  or  trestle.  The  paddles  in  the  tanks 
are  made  of  4"  x  6"  pine  on  edge;  the  two  longest  arms  are 
27  ft.  in  diameter  and  make  8  revolutions  per  minute,  giving 
a  speed  at  the  end  of  the  paddler  of  678  ft.  per  minute.  The 
paddles  are  raised  two  feet  from  the  bottom  of  the  tank.  These 
twelve  tanks  are  driven  by  a  125  h.p.  motor,  and,  as  on  an 
average,  eight  of  them  are  agitating  at  one  time,  the  power 
necessary  to  drive  tanks  and  shafting  is  55  k.w.  Each  tank 
has  an  average  working  load  of  about  140  tons  dry  slime  plus 
about  280  tons  solution. 

The  slime  collecting  tanks  are  arranged  with  a  circular 
rim  overflow  around  the  top  and  on  the  inside  which  is  6"  wide 
x  8"  deep,  over  which  the  clear  battery  solution  flows  into  the 
launder  leading  to  the  lower  battery  solution  tank.  The  bot- 
tom of  the  tanks  are  connected  to  two  centrifugal  pumps,  one 
of  7"  diameter  and  one  of  4"  diameter,  for  the  transferring  of 
the  thickened  pulp,  and  a  6"  diameter  decantor  is  fitted  to  the 
side  of  the  tank. 


Copyright  Photograph  by  Arthur  A.  Cole 

Elutriation  Apparatus  in  Low  firade  Ore  Mil!,  Nipissing  Mining  Co.,  Ltd. 


Copyright  Photograph  by  Arthur  A.  Cole. 

Slime  Treatment  Vats  in  the  LowGrade  Mill,  Nipissing  Mining  Co.,  Ltd 


Copyright  Photograph  by  Arthur  A.  Cole 
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The  baltory  pulp  is  run  into  one  of  these  tanks  for  about 
nine  hours,  collectinj^  about  92  tons  (dry  weight)  of  slimes. 
During  this  coUecting  period  the  excess  sokition  overflows  to 
the  lower  battery  solution  tank  from  which  it  is  repumped  for 
circulation  in  the  battery  solution  circuit.  When  the  necessary 
charge  is  collected;  the  pulp  is  switched  to  the  next  tank,  for 
collection  and  in  the  meantime  the  slime  is  settling  in  the  first 
tank,  the  excess  solution  being  decanted  until  the  pulp  in  the 
tank  represents  about  1.5  solution  to  1  slime.  The  pulp  is  now 
agitated  for  about  one  hour,  the  depth  of  pulp  is  measured, 
sampled  and  specific  gravity  determinations  made  for  slime 
tonnage.  The  specific  gravity  of  dry  slimes  on  this  ore  is  2.7. 
The  circulation  made  here,  as  previously  noted,  works  out  at 
practically  the  same  tonnage  as  the  weighed-in  weight  of  the  ore, 
after  due  allowance  has  been  made  for  the  addition  of  lime  and 
tube  mill  pebbles. 

The  thickened  pulp  in  1.5  caustic  soda  solution  at  0.25% 
strength  and  1  of  slime  is  now  pumped  to  the  desulphurizing 
treatment  tanks. 

Desulphurizing  Process. 

The  problem  of  working  out  a  successful  cyanide  treatment 
for  the  Cobalt  ores,  in  which  there  is  such  a  varying  amount 
of  complex  minerals,  led  to  the  discovery  during  the  period  of 
experimental  work,  of  what  is  now  known  as  a  'Wet  Desulphur- 
izing' process.  The  details  of  the  reactions  involved  and  the 
necessity  for  such  a  treatment,  will  be  obtained  by  referring 
to  a  descriptive  article  by  Mr.  J.  J.  Denny. ^  Briefly  explained, 
the  preliminary  desulphurizing  treatment  breaks  up  the  re- 
fractory silver  minerals  when  the  slime  pulp  is  brought  into 
contact  with  aluminum  in  a  caustic  soda  solution,  the  silver 
being  left  in  a  spongy,  metallic  state  readily  amenable  to 
cyanide  treatment.  The  desulphurizing  is  accomplished  by 
passing  the  slime  pulp  through  a  revolving  tube  mill,  in  which 
there  are  a  numberof  aluminum  ingots.  A  further  treatment  is 
given  in  a  tank  lined  with  aluminum  plates,  in  which  tank  the 
pulp  is  slowly  agitated. 


■Mining  &  Scientific  Press,  Sept.  27th,  1913. 

(F) 
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The  practical  effects  of  this  preliminary  treatment  on  the 
ores  has  resulted  in  an  equal,  and  frequently  a  better,  extraction 
being  obtained  by  48  hours  cyanide  treatment,  than  was  other- 
wise obtained  in  120  hours  with  no  desulphurizing.  In  some 
of  the  ores  which  contained  a  greater  proportion  of  refractory 
silver  in  minerals,  improved  extraction  of  from  1  to  4  oz.  per 
ton  is  obtained  by  desulphuriziaton  and  cyanidation,  than 
with   a   cyanide  treatment  and  no  desulphurizing. 

A  tube  mill,  25  feet  long  and  4  feet  in  diameter,  and  lined 
with  two  silex  blocks  %"  thick,  is  used  for  the  first  stage  of  the 
desulphurizing  treatment.  This  mill  makes  10  revolutions 
per  minute  and  carries  a  load  of  about  4,000  lbs.  of  aluminum 
ingots,  cut  into  cubes  of  about  13^"  to  2".  The  slime  pulp 
is  fed  through  this  mill  at  the  rate  of  14  tons  of  dry  slimes  per 
hour,  diluted  with  21  tons  of  caustic  soda  solution,  making  the 
ratio  1.5  caustic  soda  solution  to  1  dry  slime.  The  pulp  then 
passes  into  the  alkali  stock  pulp  tank,  34'  0"  diameter  x  13'  0" 
deep,  which  is  arranged  with  mechanical  agitation  and  lined 
around  the  side  with  aluminum  plates.  The  pulp  is  agitated 
in  this  tank  from  24  to  36  hours,  or  until  it  is  gradually  drawn 
off  in  about  40  ton  charges  to  the  dewatering  filter  box.  On 
account  of  keeping  the  mill  cyanide  solutions  in  balance,  it  is 
necessary  to  eliminate  as  much  as  possible  of  the  crushing 
caustic  soda  solution  from  the  slimes  before  they  are  transferred 
into  the  cyanide  tanks  for  treatment,  and  this  is  done  by  a 
Butters'  filter  plant  equipped  with  60  leaves,  which  are  capable 
of  dewatering  270  tons  of  slimes  per  day.  The  cake  when 
discharged  carries  26%  alkali  solution  as  moisture.  The  slimes 
after  dewatering,  flow  into  a  pulping  tank,  16'  0"  x  5'  0"  deep, 
where  they  first  come  into  contact  with  cyanide  solution — 
being  diluted  with  about  2  parts  of  cyanide  solution  to  1  of 
slime.  A  centrifugal  pump  of  4"  diameter  is  used  for  transfer- 
ring the  pulp  into  the  cyanide  treatment  tanks. 

Cyanide  Department. 

There  are  seven  34'  0"  diameter  by  13'  0"  deep,  slime  treat- 
ment tanks,  fitted  with  mechanical  stirring  arrangements. 
Each  tank  has  a  6"   diameter  decantor  for  draining  off  the 
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clear  settled  cyaiiiile  solution.  They  are  also  arranged  with  a 
G"  diameter  airlift,  operated  by  a  %"  diameter  pipe  with  air 
at  ^20  ll)s.  pressure. 

The  slimes  are  treated  in  tanks  in  charges  of  about  130 
tons  of  dry  slime  to  each  tank;  2  tons  of  solution  to  1  ton  of  dry 
slime  is  the  usual  proportion,  and  the  solution  is  made  up  pf 
0.25%  cyanide  and  a  0.20%  caustic  solution;  agitation  is 
maintained  for  48  to  60  hours.  Repeated  tests  in  the  mill  have 
demonstrated  that  as  good  extraction  of  the  silver  values  is 
obtained  with  a  2  to  1  dilution,  as  with  a  3  to  1  dilution.  The 
airlift  is  operated  continuously  while  the  charge  is  being  treated, 
so  that  there  is  a  possible  turning  over  of  the  charge  of  about 
16  times  by  the  airlift. 

After  the  agitation  treatment  the  tank  is  allowed  to  settle, 
so  that  the  clear  solution  may  be  decanted  to  the  pregnant 
solution  tank.  The  pulp  is  then  agitated  and  transferred,  by 
a  1"  diameter  centrifugal  pump,  to  the  34'  0"  diameter  x  13'  0" 
deep  cyanide  stock  pulp  tank,  in  which  it  is  kept  agitated 
until  it  is  drawn  off  into  the  filter  box. 

A  Butters'  filter  plant,  equipped  with  80  leaves,  handles 
charges  of  35  to  40  tons  each  in  three  hours  time,  the  slimes  are 
discharged  with  26%  of  contained  moisture.  The  alkali  and 
the  cyanide  filter  boxes  are  arranged  alongside  of  each  other, 
so  that  the  same  operator  handles  both  boxes  from  the  switch- 
board placed  between  them.  The  filter  plants  are  arranged 
on  the  semi-gravity  plan,  a  10"  diameter  centrifugal  pump, 
with  12"  diameter  suction  and  delivery  pipes  and  hydraulically 
operated  valves,  is  connected  with  the  cyanide  box  for  trans- 
ferring the  excess  pulp  and  solution  wash.  The  clear  solution 
from  the  cyanide  filter  box  is  delivered  to  the  pregnant  solution 
tank  and  the  residue  slime  is  dropped  into  the  empty  box, 
discharging  by  gravity  to  the  residue  dump. 

The  alkali  filter  box  is  connected  to  a  8"  x  10"  duplex 
double  acting,  piston  vacuum  pump,  with  a  displacement  of 
340  ft.  per  minute  at  160  revolutions  per  minute.  The  cyanide 
box  has  a  12"  diameter  x  10"  stroke  duplex,  double  acting 
piston  vacuum  pump  with  a  displacement  of  770  ft.  per  minute 
at   160  revolutions  per  minute.     The  pregnant  solution  tank 
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is  34'  0"  diameter  x  8'  0"  deep,  and  the  barren  solution  tank  is 
34'  0"  diameter  x  13'  0"  deep. 

Precipitation  Department. 

The  original  plans  of  this  section  of  the  mill  contemplated 
using  zinc-dust  for  precipitation  and  an  equipment  was  in- 
stalled of  one  20-frame,  and  one  10-frame,  52",  Merrill  pre- 
cipitation presses,  with  3"  frames,  together  with  the  other 
necessary  machinery.  Before  the  mill  was  ready  for  operation, 
the  experimental  work,  which  was  investigating  the  use  of  zinc- 
dust  as  a  precipitant,  had  discovered  that  the  cyanide  solution, 
after  precipitation,  rapidly  deteriorated  and  fouled,  so  as  to 
lose  its  dissolving  efficiency.  The  investigation  on  this  subject 
has  been  very  fully  explained  in  the  articles  of  Mr. E. M.Hamil- 
ton and  Mr.  J.  J.  Denny  and  proves  how  impossible  it  would 
be  to  use  zinc-dust  and  get  continuously  good  results,  and  how 
after  considering  various  other  methods  of  precipitation,  it  was 
decided  to  use  aluminum  dust  and  modify  the  equipment 
accordingly. 

The  practical  benefits  gained  by  this  change  are : 

(1)  No  fouling  of  cyanide  solutions  and  no  reduction  in 
dissolving  efficiency. 

(2)  The  working  mill  cyanide  solutions  are  in  a  more 
active  condition  to  dissolve  silver,  than  if  they  were  freshly 
made  up  solutions  which  had  not  yet  been  used,  showing  in 
their  favour  an  increased  dissolving  power  of  0.35  oz.  silver  per 
ton  of  ore. 

(3)  A  regeneration  of  0.608  lbs.  of  cyanide  per  ton  of 
solution  precipitated  equal  to  about  1.67  lbs.  of  cyanide  per 
ton  ore  treated,  or  408  lbs.  of  cyanide  per  day. 

(4)  The  recovery  of  silver  precipitates,  averaging  about 
27,000  oz.  per  ton,  or  about  93%  silver. 

The  pregnant  solution  is  pumped  to  the  precipitation 
room  by  a  6"  x  9"  vertical  triplex  pump,  running  at  54  strokes 
per  minute.  Here  it  is  clarified  through  a  sand  filter  before 
flowing  to  the  special  arrangement  made  for  mixing  the  alumi- 
num dust  with  the  cyanide  solution.     After  mixing,  it  is  pumped 
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into  the  prrcipilation  presses  by  another  0"  x  9"  vertical 
triplex  pump.  The  '20-frame  press  takes  about  four  days  to 
fill  with  precipitates  when  handling  from  550  to  GOO  tons  of 
solution  per  day,  the  head  assay  averaging  about  8.25  oz.  and 
the  tail  assay  0.10  oz.  The  aluminum  dust  consumption,  over 
a  9-month's  period,  averages  about  0.556  lbs.  per  ton  of  ore 
treated,  or,  1  lb.  (avoir.)  dust  =  45.26  oz.  (troy)  of  silver  pre- 
cipitated, or,  1  lb.  (avoir.)  dust  =  3.104  lbs.  (avoir,)  of  silver 
precipitated.  The  precipitates  are  sent  to  the  refinery,  where 
they  are  melted  and  refined  in  a  rcverberatory  furnace  (as 
described  in  Mr.  R.  B.  Watson's  article)  and  eventually  shipped 
as  bullion  at  997  to  999  fine. 

For  the  aeration  of  the  cyanide  treatment  tanks,  solutions, 
use  on  filters,  airlifts  etc.,  there  is  installed  a  1834"  diameter  x 
12"  stroke,  belt  driven,  air  compressor,  with  a  piston  displace- 
ment of  627  cu.  ft.  free  air  per  minute  at  20  lbs.  pressure, 
making  180  revolutions  per  minute. 

Heating  Plant. 

The  heating  plant  is  of  the  gravity  type  and  is  80  feet 
distant  from  the  main  mill  building,  the  boilers  being  placed  so 
that  the  water  level  in  them  is  5  ft.  below  the  lowest  floor  level 
of  the  mill.  There  are  two  horizontal  multitubular  boilers,  72' 
diameter  x  16'  0"  long,  working  at  from  0  to  10  lbs.  steam 
pressure,  with  a  10"  diameter  steam  line  and  a  5"  diameter 
return  water  line  between  the  boiler  shed  and  mill  building. 

Heating  Provision. 


Building 

Radiators, 
number. 

Heating  Surface, 
sq.  ft. 

Mill 

Washing  Plant 

57 
13 

i 

8,092 
1,971 

Tank  Shed 

251 

Total 

74 

10,314 
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In  addition,  all  the  distributing  steam  pipes  around  the 
mill  furnish  about  40%  more  heating  surface.  This  heating 
plant  has  maintained  an  average  temperature  of  60°  Fahr.  in 
the  coldest  weather,  when  the  temperature  is  sometimes  as 
low  as  40°  below  zero. 

Extraction. 

The  following  figures  represent  the  average  extraction 
obtained  from  a  run-of-mine  ore  of  54.00  oz.  silver  per  ton, 
from  the  combined  metallurgy  of  the  high  grade  and  low  grade 
ore  mills. 


Heads              Total                Ex- 
per  ton              Silver             traction 

Average             ^       j 

Kesidue          -r,     •  . 

_  .                Kesidues 
per  ton 

79  tons  of    2648.47  oz.  209229.13  oz.i     at  99% 
7320  tons  of         26.00  oz.   190320.00  oz.      at  92% 

26.484oz.=     2092.29  oz. 
2.080oz.=    15225.60  oz. 

7399  tons             54.00  oz.                                   95.66%  j     2.34    oz. 

To  this  will  be  added  the  further  recovery  of  85%  of  the 
silver  made  on  the  sale  of  the  above  26.484  oz.  residue. 

The  working  mill-costs  are  here  represented  in  the  ratio 
that  the  various,  most  important  expenses  bear  to  the  total  cost: 

Labour 28.207% 

Cyanide 19.943% 

Electric  power 14.542% 

New  construction  supplies 5.586% 

Aluminum  dust 4.761% 

ingots 4.709%, 

Caustic  soda 1.811% 

Aluminum  plates 1.401% 

Refinery  fluxes,  fuel  oil,  coke,  etc 1.332% 

Pebbles 1.284%, 

Battery  supplies 1.013% 

Lime 0.579% 

Sundry  supplies 14.832% 

100.000% 
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Operating  Costs  Per  Ton  Ore  Treated;  Average  for  the 
Last  Three  Months,  July,  August  and  September,  1913 
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Electrical  Poaver. 

In  a  mill  where  the  average  power  costs  represent  about 
84,000.00  of  a  total  working  cost  of  about  $28,000.00  per  month, 
it  was  advisable  to  arrange  the  installation  so  that  as  high  an 
eflficiency  as  possible  might  be  obtained.  The  installation  was 
so  planned  that  each  machine  should  be  of  the  correct  size  to 
carry  its  load,  and  thus,  obtain  the  highest  efficiency  and  power 
factor.  As  a  measure  of  the  success  obtained  in  this  respect 
it  may  be  stated  that  the  power  factor  of  the  mill  averages  82.5%- 

Original  Motor  Power  Distribution. 

Washixg  Plaxt:  Operates  6  Days  of  9  Hours  each,  per  Week. 
1       40  h.p.  Motor       850  Revs,  per  min.  Main  drive 
1        15     "  "         565       "       "       "     Aerial  tramline 

1        SO     "  "         720       "        "       "     Surface  hoist 

1        10     "  "         900       "       "       "     Elevator  hoist  =95  h.p. 

Battery  : 

4        40  h.p.  Motors     575  Revs,  per  min.  Battery  drive 

1        40     "  "         575        "        "       "     Return  solution  pump 

1        10     "  "       1120       "        "        "     Elevator  ore  bin 

1  5     "  "       1800        "        "        "     Conveyor  belt  =215  h.p. 

TrBE  Mills: 

4     125  h.p.  Motors     580  Revs,  per  min.  Mill  drive 

1  5     "  "       1120        "        "        "     Lower  classifiers  =505  h.p. 

Treatment: 

1      125  h.p.  Motor       485  Revs,  per  min.  Agitating  tanks 

1        So     "  "         855        ''        "        "     Circulating  slime 

1        20     "  "         690       "        "       "  "  desulphurizing 

1       20     "  "  690       "       "       "     Alkali  pump  to  cyanide  tanks 

12"  "  1800       "        "       "     Experimental  plant     =202  h.p- 

2  Filters: 

1       80  h.p.  Motor  870  Revs,  per  min.  Filter  box — Cyanide 

1        35     "  "  855        "        "        "  "  "  —Alkali 

1       10     "  "  570       "       "       "     Vacuum  pump  cyanide 

11"  "  1200       "       "       "     Hydraulic  valves         =126  h.p 

Precipitation: 

1        10  h.p.  Motor       570  Revs,  per  min.  =    10  h.p. 

Water  Service: 

1        25  h.p.  Motor     1800  Revs,  per  min.  Centrifugal  pump         =    25  h.p. 

28  Motors  =  1178  h.p. 
Cost  of  installation  $2^.15  per  h.p.  of  Motors. 
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Cost  of  Electiucal  Installation. 

Motors,  switflilioiirds,  wiring,  etc.  anil  labour $26,532.86 

Electric  lighting  of  mill 1,635.61 

$28,168.47 
Extra    wiring,    poles,    etc.    for    the    Peterson    Lake 
pumping  plant  located  about  lodO  feet  from  the 
main  buildings 250.00 

$28,418.47 


Power  is  received  at  a  pre.ssure  of  11,000  volts  and  is  trans- 
formed to  the  working  pressure  of  550  volts  in  a  substation 
situated  150  ft.  from  the  main  building.  A  3-phase  overhead 
line  from  this  substation  feeds  the  main  switchboard,  which  is 
placed  on  the  tube  mill  floor,  this  position  being  about  the  centre 
of  power  consumption.  From  the  main  switchboard,  feeders 
are  carried,  through  suitable  links  and  disconnecting  switches, 
to  the  various  motor  control  boards. 

The  motors  are  all  3-phase,  550  volts,  60-cycle,  Canadian 
Westinghouse  type  G.M.  machines.  The  'squirrel  cage'  rotor 
was  selected  on  account  of  its  ruggedness  and  simplicity.  The 
average  full  load  efficiency  and  power  factor  for  each  class  of 
these  machines  was  found  after  careful  testing  to  be: 

For  125  H.P.  Class.  Efficiency  =  91%  Power  factor  89.6% 

"      80     "         "  "         =89%  "           "      88% 

"      40      "          "  "         =88.3%  "            "      86.9% 

"      35      "          "  "         =87.5%  "            "      83.6% 

"       15      "          "  "         =85.8%  "            "      85.5% 

Each  motor  is  provided  with  a  control  panel  upon  which 
are  mounted  a  3-pole,  automatic,  oil  circuit  breaker  and  auto 
starter,  fitted  with  no-voltage  release,  ammeter,  and  a  service- 
able inverse,  time-limit  relay,  in  the  form  of  fuses,  and  a  double 
pole,  spring  tumbler  switch,  inserted  across  the  circuit  breaker, 
tripping  coil  terminals.  This  relay  is  used  for  starting  duty 
only,  and,  in  conjunction  with  the  no-voltage  release  on  the 
auto-starter,  renders  the  gear  practically  'fool-proof.'  The 
motor  control  panels,  1'  6"  wide  x  6'  0"  high,  are  grouped  to 
make  switchboards  of  convenient  size,  and  are  so  placed  that 
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the  machines  which  they  control  may  be  easily  seen  from  them. 
The  main  switchboard  is  equipped  with  an  automatic,  3-pole 
oil  circuit-breaker,  controlling  the  entire  mill  supply,  a  volt- 
meter, ammeter,  integrating  wattmeter,  and  a  graphic  recording 
wattmeter.  The  wiring  of  the  graphic  wattmeter  is  so  arranged 
that  a  record  of  either  the  total  mill  load,  or  the  load  of  any 
individual  motor,  may  be  obtained.  All  wiring  within  the  mill 
is  carried  in  steel  conduits.  The  average  total  load  on  the  mill 
amounts  to  690  k.w.  The  recording  wattmeter  registers  a 
variation  of  less  than  5%  from  this  figure  from  day  to  day,  on 
the  day  load. 

Much  credit  is  due  to  Mr.  W.  H.  R.  Burrows,  the  Com- 
pany's resident  engineer,  for  the  excellent  installation  and  high 
efficiency  obtained  in  this  power  service. 

In  conclusion,  the  writer  wishes  to  acknowledge  the  en- 
couragement and  assistance  of  Mr.  R.  B.  Watson  in  the  many 
difficulties  that  developed  before  all  the  details  of  the  system 
and  installation  were  satisfactorily  worked  out.  Thanks  are 
also  owing  to  Mr.  ^Yatson  for  permission  to  publish  the  data  in 
this  paper.  The  writer  also  desires  to  pay  tribute  to  the  good 
work  done  by  Mr.  Hamilton  and  Mr.  Denny,  in  the  course 
both  of  the  experimental  work  and  of  the  starting  of  the  mill. 


Note  : — For  discussion  on  this  paper  *ee  Bui.,  American  Institute  of 
Mining  Engineers,  No.  8o  (January,  1914),  pp.  107-133  and  No.  91  (July, 
1914),  pp.  1473-1496. 


PYRITIC  SMELTING. 

By  Geo.  A.  Guess,  Toronto,  Ont. 

Annual  Meetinu.  Mnntreiil,  1911,. 

In  presenting  for  the  consideration  of  the  Canadian  Mining 
Institute  a  paper  on  pyritic  smelting,  I  have  chosen  to  analyze 
certain  periods  of  furnace  operations  as  the  best  means  of  il- 
lustrating the  process.  Pyritic  smelting  is  the  practice  of  very 
few  American  smelters.  The  Tennessee  Copper  Company  and 
the  Ducktown  Sulphur  Copper  and  Iron  Company,  with  plants 
about  three  miles  apart,  afford  probably  the  two  best  examples 
of  pyritic  smelting  in  America.  The  change  from  heap  roasting 
to  pyritic  smelting  was  made  at  the  Tennessee  Company's 
plant  in  1904.  The  Keswick  plant  of  the  Mountain  Copper 
Company  in  California,  where  pyritic  smelting  was  done  at  an 
earlier  date,  has  been  closed  by  the  Courts  on  account  of  the 
smoke  nuisance.  Several  of  the  California  smelters  that  had 
adopted  pyritic  smelting  have  been  forced  to  close  by  the  '  smoke 
farmers.' 

A  'smoke  farmer'  from  the  smelterman's  point  of  view 
is  a  landowner  who  brings  suit  for  several  times  the  value  of  his 
land,  against  the  smelting  company  for  damage  done  to  his  crops 
or  timber.  There  are  few  smelting  plants  that  are  free  from 
such  lawsuits.  The  pyritic  smelting  plants  have  suffered  most 
from  this  form  of  persecution.  This  is  natural,  however,  as 
the  high  sulphur  content  of  pyritic  ores  makes  them  worse 
offenders.  Their  offense  is  much  less  when  the  ores  are  smelted 
pyritically  than  when  they  are  'heap  roasted.'  There  is  a 
much  greater  intensity  of  damage  to  vegetation  from  'heaps' 
than  from  a  stack,  although  the  damage  may  not  extend  so  far. 
The  amount  of  sulphurous  acid  gas  that  is  produced  from  an  ore 

i'3 
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depends,  of  course,  entirely  on  the  composition  of  the  ore  and 
is  not  affected  in  the  least  by  the  smelting  methods  employed. 

Ores  that  are  suited  to  pyritic  smelting  contain  a  large 
amount  of  iron  sulphide.  Before  pyritic  smelting  was  practiced 
these  ores  had  to  be  roasted  before  smelting.  This  roasting 
operation  formed  iron  oxide  and  reduced  the  quantity  of 
sulphur.  The  iron  oxide  formed  in  the  roasting  was  available 
for  slag  formation  in  the  blast  furnace,  and  the  grade  of  the 
matte  made  was  proportional  to  the  extent  of  the  roasting. 
The  advantages  that  pyritic  smelting  offers  are: 

1.  (a)  The  elimination  of  a  metallurgical  step,  namely, 
heap  roasting.  The  economy  effected  here  is  the  cost  of  roast- 
ing— (say)  35  cents  per  ton  of  ore;  and  the  elimination  of 
metal  losses  due  to  leaching.  These  losses  vary  in  degree  with 
the  rainfall  and  the  porosity  of  the  soil,  but  constitute  a  very 
considerable  item  under  any  circumstances,  (b)  The  saving 
of  interest  on  the  mining  cost  for  the  months  that  the  ore 
remains  on  the  roast  yard. 

2.  The  opportunity  to  use  in  the  blast  furnace  the  full 
value  of  iron  sulphide.  The  economy  effected  here  would  be 
the  difference  between  the  coke  necessary  in  the  two  operations, 
representing  (say)  six  per  cent,  of  the  weight  of  the  ore. 

3.  The  general  improvement  in  working  and  living  con- 
ditions by  sending  the  sulphur  gases  up  a  stack  instead  of  re- 
leasing them  in  clouds  at  the  ground  level.  The  economy 
effected  here  is  difficult  to  measure. 

On  the  other  hand  owing  to  the  difference  in  the  character 
of  the  slag  made,  pyritic  smelting  takes  more  flux,  makes  more 
slag  per  ton  of  ore,  and  thereby  looses  a  little  more  metal. 
These  disadvantages  are,  however,  far  outweighed  by  the  advan- 
tages gained.  There  is  also  an  item  of  gain  in  furnace  capacity 
when  smelting  pyritically. 
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Some  of  the  terms  employed  in  blast  t'uniace  smelting 
practice  are  here  defined  as  follows: 

Focus  of  the  furnace  is  the  region  of  highest  temperature,  a 
point  a  short  distance  above  the  tuyeres. 

Matte  Fall  is  an  expression  of  the  })ercentage  of  the  weight 
of  matte  produced  in  the  furnace  to  the  weight  of  slag  plus 
matte. 

Matte  is  an  artificial  sulphide  produced  by  fusion.  For  the 
copper  smelter  it  may  be  taken  as  containing  all  the  copper;  and 
all  the  sulphur  that  passes  through  the  furnace  unoxidized,  and 
the  iron  with  which  that  sulphur  is  combined.  It  may  also  be 
regarded  as  the  unoxidized  sulphides  of  the  charge. 

The  Slag  is  the  fused  oxides  which  were  in  the  charge  or 
produced  by  oxidation  in  the  furnace. 

The  Charge  is  the  ore  plus  flux. 

The  Flux  is  anything  except  coke  added  to  the  ores  to  pro- 
mote smelting. 

The  products  of  the  smelting  are  in  the  main  three: 

1.  The  furnaces'  gases  which  consist  of  the  nitrogen  in  the 
blast  supplied  to  the  furnace,  the  unused  oxygen,  the  carbon 
dioxide  and  sulphur  dioxide. 

2.  The  slag  which  contains  all  the  oxides  produced  in  the 
furnace. 

3.  The  matte  which  is  the  sulphide  unacted  upon  in  the 
furnace. 

The  grade  of  matte  is  the  percentage  of  copper  in  the  matte. 

The  ratio  of  concentration  is  roughly  the  per  cent,  of  copper 
in  the  matte  divided  by  the  per  cent,  of  copper  in  the  ores. 

The  reactions  taking  place  in  the  furnace  are:  First,  FeS2 
loses  part  of  the  sulphur  by  dissociation  at  a  comparatively  low 
temperature.     "What  remains    may    be    regarded,  at  least   for 
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calculation  purposes,  as  FeS.  The  next  reaction  is  represented 
by  the  equation  FeS  +  Si02  +  Air  =  FeO  SiOa+SOa.  This  is  the 
pyritic  equation  in  its  simplest  form  and  from  it  we  see,  for  every 
atom  of  sulphur  oxidized  we  must  oxidize  an  atom  of  iron. 
An  equation  in  a  more  extended  form  to  show  the  copper  and 
the  resulting  matte,  would  be  expressed  as  follows:  CuaS. 
80  FeS +  75  Si02+Air  =  Cu2.  S  5  FeS +  75  FeO  Si02  +  75  SO2. 
In  this  form  Cu2  S.  80  FeS  may  be  taken  as  the  ore.  It  carries 
1.75%  Copper.  The  Cu2  S  5  FeS  resulting  will  serve  to  repre- 
sent the  matte,  containing  21%  Cu.  The  75  FeO  Si02  is  the 
slag.  The  ratio  of  concentration  is  21  divided  by  1.75,  or  12  in- 
to 1.  By  reducing  the  silica  entering  into  the  reaction  by  one- 
third  (Cuo  S.  80  FeS  +  50  Si02  +  Air  =  Cu2  S.  30  FeS  +  50  FeO. 
SiO2  +  50  SO2)  more  matte  and  less  slag  and  matte  of  lower  grade 
result.  The  grade  is  now  only  4.45%  and  the  ratio  of  concen- 
tration only  2.5  into  1.  This  is  a  violent  change  in  the  opera- 
tion, but  any  change  in  the  silica  immediately  alters  the  grade  of 
the  matte.  If,  on  the  above  equation,  the  silica  were  increased 
to  76  SiOa  we  would  have 


Cu2  S   80  FeS +  76   Si02+Air  =  Cu2  S.   4   FeS +  76   FeO   SiOa 

+  76  SO2 

and  our  matte  would  contain  nearly  25%  copper;  we  would 
make  more  slag  and  less  matte.  It  is  in  this,  that  pyritic 
smelting  differs  from  ordinary  blast  furnace  smelting.  The 
ratio  of  silica  to  sulphide  iron  in  the  charge  is  the  governing 
factor  in  the  ratio  of  concentration.  In  other  words  the  more 
quartz  that  the  pyritic  furnace  will  handle  on  the  charge  the 
higher  will  be  the  grade  of  the  matte  produced.  The  limit  is 
reached  when  a  further  increase  in  the  percentage  of  quartz  on 
the  charge  does  not  raise  the  grade  of  matte.  The  economic 
limit  is  determined  by  the  speed  of  the  furnace,  its  tendency  to 
form  crusts  and  by  the  greater  copper  loss  in  the  slag  when 
making  a  high  ratio  of  concentration.  It  is  very  often  more 
economical  to  make  a  low  grade  matte  first  and  resmelt  it  than 
to  make  a  converter  matte  in  one  operation. 
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To  smelt  :i  heavy  sulpliide  ore  a  very  consi(lera})le  amount 
of  ciuartz  is  rei|iiire(l.  Tliis  (juartz  is,  in  many  instances,  barren 
material.  The  higher  the  silica  content  of  the  quartz,  the  more 
active  it  is  in  the  furnace  in  raising  the  ratio  of  concentration. 
Quartz  in  which  a  portion  of  the  silica  is  combined  with  alumina 
is  not  very  satisfactory  for  pyritic  work,  and  may  not  serve  at 
all  if  there  is  much  combined  silica.  Quartz  lines,  like  ore 
fines,  are  not  suited  to  the  blast  furnace  and  are  particularly 
unsuitcd  to  the  pyritic  process.  Quartz  which  decrepitates 
rapidly  in  the  furnace  is  also  undesirable.  The  best  results, 
therefore,  would  be  obtained  on  a  sulphide  ore  containing 
a  small  amount  of  gangue  and  a  coarse  quartz  flux  high  in 
silica.  With  such  materials  it  is  possible  to  obtain  a  very 
high  ratio  of  concentration.  The  reagent  of  most  use  to  the 
pyritic  smelter  is  his  cjuartz.  With  it  he  can  control  his 
operation,  and  the  gi-ade  of  the  matte  changes  as  the  amount 
of  quartz  is  changed.  This  is  a  general  statement  and  is  true 
within  certain  limits.  With  clean  sulphide  ores  and  clean 
quartz  a  wide  range  of  concentration  is  possible.  It  may  be 
stated  broadly,  that  with  a  two  per  cent,  copper  ore  under  such 
conditions  anywhere  from  a  6%  to  a  40%  matte  might  be  made. 
Below  the  low  limit,  the  reactions  taking  place  are  not  sufficient 
to  maintain  the  necessary  temperature  unless  plenty  of  coke  is 
used.  Above  the  high  limit,  the  furnace  refuses  to  smelt  the 
quartz,  which  accumulates  in  the  furnace,  and  eventually  causes 
trouble.  Within  these  limits  the  more  quartz  that  is  used  on 
the  charge  the  higher  will  be  the  grade  of  matte  made. 

If  one  acquainted  with  ordinary  smelting  only,  were  asked 
how  the  grade  of  matte  in  a  pyritic  furnace  was  made  to  vary  he 
would  probably  reply  that  by  increasing  or  diminishing  the 
amount  of  air  delivered  to  the  furnace  the  matte  would  be 
raised  or  lowered  in  copper  content.  In  ordinary  smelting  the 
air  control  is  about  the  only  control  at  the  command  of  the 
metallurgist,  and  that  control  is  restricted  to  a  very  narrow 
range.  The  average  ratio  of  sulphur  to  copper  in  the  charge  is 
probably  about  three  to  one.  In  pyritic  smelting  that  ratio 
is  more  nearly  fifteen  to  one  and  the  effect  of  changing  the 
amount  of  air  is  very  slight.     This  slight  effect  is  due  to  the 
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increased  oxygen  eflSciency  of  the  furnace  when  higher  grade 
mattes  are  made — that  is  more  of  the  air  blown  into  the  fur- 
nace is  used,  less  escapes  unchanged;  and  to  the  fact  that 
when  higher  grade  mattes  are  made  the  focus  of  the  furnace  has 
a  higher  temperature  and  therefore  makes  a  more  basic  slag. 
The  higher  the  temperature  of  the  focus  of  the  furnace,  the 
lower  the  ratio  of  silica  to  iron  in  the  slag,  or  the  more  basic  the 
slag.  Siliceous  blast  furnace  slags  form  at  a  lower  temperature 
than  the  less  siliceous  or  more  basic  slags.  Therefore  in  a  very 
hot  furnace  the  same  amount  of  silica  on  the  charge  will  send 
more  iron  into  the  slag  than  it  will  in  a  colder  furnace.  The 
result  is  that  if  we  have  two  furnaces  side  by  side  running  on  the 
same  charge,  the  matte  from  the  hotter  furnace  will  be  the 
higher  grade.  The  hot  furnace  may,  therefore,  be  considered 
merely  as  aflFording  the  silica  opportunity  to  do  more  efficient 
work.  The  ratio  of  iron  to  silica  being  higher  in  the  slag  from 
the  hotter  furnace,  the  same  silica  is  thus  able  to  aid  in  the 
oxidation  of  more  iron. 

The  effect  on  the  grade  of  the  matte  of  a  greater  volume 
of  air  delivered  to  the  furnace  is  therefore  incidental,  and  is 
really  a  result  of  the  higher  temperature  in  the  furnace  induced 
by  faster  running.  Part  of  the  heat  lost  from  a  blast  furnace, 
as  for  example  the  heat  carried  away  by  the  jacket  water,  is  a 
function  of  the  time  so  that  as  the  rate  of  smelting  increases  the 
temperature  rises  slightly.  If  it  were  not  for  this  the  tempera- 
ture of  the  focus  would  vary  only  with  the  ratio  of  concentration. 

Assuming  that  we  have  a  sulphide  ore  with  2%  copper  and 
40%  iron,  and  a  10%  matte  which  will  contain  about  (say) 
55%  iron,  is  desired,  then  of  the  forty  units  of  iron  in  the  ore 
eleven  units  will  go  into  the  matte  and  twenty-nine  into  the 
slag.  To  the  charge  enough  quartz  must  be  added  to  take  care 
of  twenty-nine  units  of  iron.  With  this  correct  amount  of 
quartz  on  the  charge,  the  furnace  will  make  10%  matte.  Now 
if  it  is  desired  to  make  a  36%  matte  which  will  contain  about 
36%  iron,  we  will  have  two  out  of  the  forty  units  entering  the 
matte  and  the  remaining  thirty-eight  units  will  be  slagged.  It 
is  necessary  to  write  a  new  charge,  adding  sufficient  quartz  to 
combine  with  the  additional  nine  units  of  iron.     We  may  call 
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tlu>  first  charge  No.  1  and  this  charge  No.  2.  Now  if  with 
cliurge  No.  1  on  the  furnace  the  air  j)ressure  were  raised  and  the 
tuyeres  thoroughly  ch^ancd  it  might  be  possible  to  make  with 
this  charge  a  12%  matte.  We  would,  however,  have  a  con- 
dition that  should  always  obtain,  namely,  clean  tuyeres  and  as 
much  air  as  was  good  for  the  furnace.  If,  however,  the  air 
remained  unchanged  and  charge  No.  2  were  put  on  the  furnace, 
3G%  matte  would  be  obtainable.  For  a  ion  of  No.  2  charge 
more  oxidation  is  required  than  for  a  ton  of  No.  1  charge.  The 
result  will  be  that  with  the  air  remaining  the  same,  the  furnace 
will  smelt  at  a  correspondingly  reduced  speed;  excepting  as  this 
may  be  effected  by  the  greater  oxygen  efficiency  that  the  fur- 
nace may  have  due  to  the  new  charge. 

If  the  sulphide  ore  contains  much  gangue  that  is  not  quartz, 
the  troubles  attending  pyritic  smelting  will  be  increased.  In 
cases  where  the  gangue  consists  of  silicate  minerals  containing 
iron,  lime,  alumina  and  magnesia, the  sulphide  ore  in  the  pyritic  fur- 
nace seems  at  times  to  support  two  slag  forming  foci  in  the  furnace. 
The  upper  one  forms  slag  from  the  gangue  of  the  ore — a  thick 
viscous  ropey  slag.  The  lower  one  is  the  ordinary  pyritic  focus 
where  the  thin,  hot,  typical  pyritic  slag  is  made.  When  these 
foci  coincide,  there  is  smooth  running;  when  they  are  separ- 
ated, there  is  trouble.  Analyses  of  such  ropey  slag,  formed 
under  such  conditions,  have  shown  an  excessive  amount  of 
AI2  O3,  MgO  and  CaO  which  is  readily  explained  by  the  above 
assumption.  The  immediate  effect  of  impure  gangue  or  inferior 
quartz  flux  on  the  ratio  of  concentration  is  a  striking  feature  in 
pyritic  smelting.  In  concentrating — (say)  a  10%  matte  to 
converter  grade — there  may  be  considerable  difficulty  in  keep- 
ing the  matte  up  to  grade  if  the  siliceous  flux  contains  appre- 
ciable amounts  of  silicates. 

Table  No.  1  shows  the  analysis  of  the  materials  passing 
through  a  22.5  foot  blast  furnace  in  14.9  days.  Table  No.  2 
shows  the  furnace  balance  sheet. 
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Table  1. 


Material 
Tons 


Cu 


% 
S 


% 

SiOz 

% 
AljOa 

31.9 

3.2 

13.6 

2.1 

37.6 

3.1 

46.5 

4.3 

95.0 

2.0 

51.0 

20.9 

39.0 

3.2 

% 

Fe 


CI 

/c 
CaO 


70 

MgO 


"P"  Ore. 
"B"  Ore. 
"L"  Ore. 

Slag 

Quartz. . . 
Coke-ash 


Matte  from 
furnace. . 


Slag  from  furnace . 


1.80 

1.^2 

2.05 

.99 


17.2 
.29 


19.0 

29.6 

17.5 

1.4 


26.0 
1.2 


29.5 
37.1 
26.9 
26.0 

16.3 

50.0 
31.5 


7.0 
7.0 
6.7 

7.2 

1.5 

7.7 


3.0 
1.8 

2.2 
2.4 

1.0 
2.3 


Table  2 


Material      Tons 

Tons 
Cu 

Tons 

S 

Tons     Tons 
SiOj     AI2O, 

Tons 
Fe 

Tons 
CaO 

Tons 
MgO 

Tons 
Zn 

•'P"   Ore.. 
"B"  Ore.. 
"L"  Ore.. 

Slag 

Quartz 

Coke-ash .  . 

1253 

4483 

877 

354 

980 

54 

22.55 

86.10 

18.1 

3.5 

238 

1329 

153 

5 

400 
610 
330 
165 
931 
28 

40 
94 

27 
15 
19 
11 

370 

1664 

236 

92 

9 

88 
314 

59 

26 

1 

38 
81 
19 

8 

21 
90 

7 

130.25 

1725 

2464 

206 

2371 

488 

146 

118 

Furnace 
Matte. . . 

747 

128.42 

194 

374 

Furnace 
Slag 

6335 

1.83 

76 

2464 

206 

1997 

488 

146 
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We  have  6,613  tons  of  ore  carrying  126.75  tons  of  Cu  or  an 
average  of  1.91%  copper  ;  copper  in  the  matte  is  17.2%. 

Ratio  of  concentration  then  is  9  into  1. 

Matte 747  Tons 

Slag 6,335 

Total  fall 7,082 

Matte  fall  10.5%;  coke  used,  329  tons  on  6,613  tons  ore  or 
7,947  tons  charge  is  5%  on  ore,  or  4.15%  on  the  charge. 

The  air  delivered  was  474,  606,  700  cu.  ft.  of  free  air. 
The  average  barometer  and  thermometer  was  such  that  1,000 
cu.  ft.  contained  15.74  lbs.  oxygen.  The  blast  then  contained 
3,725  tons  of  oxygen.  The  tons  of  oxygen  per  ton  of  sulphur 
in  the  charge  was  2.16. 

This  oxygen  was  used  as  follows: 

Tons  Fe  to  slag 1997 

Tons  Fe  as  oxide  in  return  slag 92 

Tons  Fe  oxide  in  ore  and  coke-ash 75 

—  167 

Tons  Fe  oxidized  by  the  blast 1830 

Tons  S  in  charge 1725 

Tons  S  in  matte 194 

Tons  S  in  slag 76 

270 
Tons  S  eliminated  in  the  furnace 1455 
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Of  this  amount  I  will  take  90%  as  burned  to  SO2  by  the  blast. 
The  remaining  10%  will  be  volatalized  as  sulphur. 

The  work  done  then  by  the  blast  is 


Tons 

Tons 

Kind 

0 

Gas  Pro- 

of 

Required 

duced 

Gas 

1830  tons  Fe  to  FeO 

523 

329  tons  coke  at  83%  C. 

728 

1,001 

CO2 

1310  tons  S 

1310 

2,620 

SO2 

1164  tons  unused  oxygen.  . 

1164 

1,164 

0 

Nitrogen  accompanying. .  . 

12,417 

N 

of  the  3725  tons  O  delivered  there  is  required  2561  showing  an 
oxygen  efficiency  in  the  furnace  of  68.8%. 


Relative  vol.  furnace  gases 

CO2       1,001 -^  (12  +  32) 22.7 

SO2        2,620-^(32  +  32) 40.9 

O            1,164^32 36.4 

N          12,417^28 444.0 


Percentage 

vol.  furnace 

gases 

4.2% 

7.5% 

6.7% 

81.6% 


If  we  assume  that  the  furnace  gases  leave  the  top  of  the 
charge  at  a  temperature  of  700°  C,  and  that  the  slag  and  matte 
have  a  temperature  of  1200°  C,  we  may  construct  the  following 
thermal  balance  sheet. 
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Table  3 


Heat  leaviu''  the  furnace 


Thousand 

Ton 
Calories 

1,001  tons  CO,      ©  700°C. 

mean 

sp.  heat  0.267     ^ 

187 

2.620     "     SO..      @  700°C. 

u 

(<     (( 

0.195 

Totairin               358 

1,164      "0         @  700°C. 

n 

"     " 

0.2235 

gases  2952           182 

12,417      "     N         @  700°C. 

" 

It     <( 

0.2559   J 

2225 

747     "     matte  @1200°C. 

i< 

«     « 

0.17 

152 

6,335      "    slag      @1200°C. 

il 

u       a 

0.26 

1978 

'Jacket  water 

499 
Total  heat  5581 

Heat  Available: 

Thousand 

Ton 
Calories 

329  tons  coke  @  6750  calories.  .  .  . 

2220 

1830  tons  Fe  oxidized  and  slagged  @  900  calories 1647 

1310  tons  S  burned  to  SO,  @  2160  calories 2830 

Total  gross  heat 6697 

From  this  we  might  deduct  600  tons  CaO  and  MgO  heat 
absorbed  being  difference  between  heat  in  the  carbonate  and  in 
the  silicate  at  value  for  CaO,  say —  300 

75    tons   Fe   as   Fe203   difference   between   the 

heat  in  the  oxide  and  in  the  silicate 119 

Total  endothermic  reactions 419 

Gross  heat 6697 

Net  heat 6278 

Heat  accounted  for 5581 

Unaccounted  for  11.1% 697 

Net  heat,  6278;  total  charge,  7947  tons. 
Calories  per  unit  of  charge,  791. 
Heat  furnished  by  coke  2220  or  35.3%  of  net  heat. 
*  1,490  ton  calories  per  foot  of  furnace  length  per  day. 
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This  amount  happens  to  correspond  to  the  heat  carried 
away  by  the  nitrogen,  and  gives  an  idea  of  the  heat  economies 
that  would  be  effected  if  it  were  ever  possible  to  furnish  a  blast 
of  oxygen,  or  enriched  air  to  a  furnace. 

To  measure  the  actual  temperature  of  the  focus  of  a 
pyritic  furnace  is  extreme  difficult,  if  not  impossible.  If,  how- 
ever, we  assume  that  in  this  case  the  temperature  wasl400°C., 
we  have  the  following  more  or  less  interesting  deductions: 

Table   4 


Tons 


Thousand  Ton 
Calories   Neces- 
sary   to    Heat 

Products    of 

Combustion  to 

1400°C. 


Total  in  gases. 
6512 


Slag  6,855  (£.26  ..  .. 
Matte  747(a.l7.... 
CO2  1,001  @.344  \ 
SOj  2,620  (£.265  I 
O  1,164(^.2366  ■ 
N  12,417  @.2705  j   

Total  heat  necessary  

Total  heat  available 

Extra  heat  needed,  being  heat  brought  to  the  focus 

by  the  charge 

Heat  in  gases  at   1400°C 

Heat  in  gases  at  700°C.,  table  3 


2300 

178 

482 

934 

386 

4710 

8990 

6278 

2712 


Heat  brought  to  the  focus  by  decending  charge. 

Heat   lost 

Heat  lost  through  jacket  water 

Unaccounted  for 


6512 

2952 

3560 

2712 

848 

499 

349 


These  2712  thousand  ton  calories  are  absorbed  by  the 
descending  charge  from  the  ascending  hot  gases  and  make  with 
the  net  calories  in  the  charge  a  total  heat  theoretically  sufficient 
to  raise  the  temperature  of  the  focus  to  1400°  C.  This  extra 
heat  amounts  in  this  case  to  342  calories  per  unit  of  charge. 
This  way  of  stating  the  situation  is  for  the  purpose  of  calcula- 
tion only.  It  is  needless  to  point  out  that  the  charge  could 
hardly  carry  342  calories  per  unit.  This  heat  performs  several 
of  the  endothermic  reactions  in  the  furnace. 
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The  tonnage  smelted  during  this  period  of  14.9  days  is  an 
average  tonnage.  It  will  be  noticed  that  a  considerable  cjuan- 
tity  of  slag  is  smelted;  this  was  'ladle  skulls'  and  'clean  up' 
from  the  converter  floor.  Such  slag  charges  were  considered 
almost  a  necessity  for  a  furnace  smelting  green  ore;  having  no 
fuel  value,  they  increased  slightly  the  amount  of  coke  on  the 
charge.  They  also  reduced  the  percentage  of  SO2  in  the  furnace 
gases.  At  a  later  period  in  order  to  maintain  a  high  SO2  con- 
tent, this  slag  was  all  smelted  with  the  low  grade  matte  in  the 
concentration  furnace,  and  the  green  ore  furnaces  were  found 
to  do  just  as  well  without  slag  charges.  There  was  the  added 
advantage  that  the  copper  in  this  returned  material  went  im- 
mediately from  the  furnace  to  the  converters,  without  being 
handled  again  as  low  grade  matte. 

In  the  calculation  based  on  this  furnace  duty,  1830  tons 
of  iron  are  oxidized  to  FeO  and  combined  with  Si02  and  1455 
tons  of  sulphur  are  eliminated  in  the  furnace  of  which  amount  I 
have  taken  90%,  or  1310  tons,  as  burned  to  SO2.  This  per- 
centage has  served  to  interpret  the  gas  analyses  which  were  a 
constant  check  on  the  furnace  operation.  If  only  the  sul- 
phur corresponding  to  FeS  were  burned,  this  figure  would  be  f  | 
X  1830  or  1045  tons.  The  remaining  410  tons  of  S,  being  the 
free  molecule  driven  off  by  the  heat,  would  escape  as  elemental 
sulphur.  This  I  do  not  consider  to  be  the  case.  I  consider  that 
a  large  portion  of  this  free  molecule  of  sulphur  is  burned  by  the 
oxygen  of  the  blast  to  form  SO2  before  escaping  at  the  top  of  the 
charge.  The  furnace  tops  were  quite  tight  and  there  was  main- 
tained such  a  back  pressure  in  the  furnace  flues  that  no  false  air 
could  find  access  to  the  furnace  gases.  It  will  be  noticed  that 
there  are  three  types  of  ore,  "  P,"  "  B."  and  "  L."  of  which  '  B '  is 
high  in  sulphur.  These  ores  were  not  mixed  but  kept  separate 
and  each  ore  was  charged  in  turn  wdth  its  accompanying  quartz 
and  coke.  The  total  ore  given  in  one  charge  was  15,000  lbs.  and 
it  was  all  of  one  class.  It  would  take  from  two  to  three  hours 
for  a  charge  to  reach  the  focus  of  the  furnace.  If  therefore  a 
pyritic  furnace  does  not  make  any  SO2  until  the  ore  reaches  the 
focus  of  the  furnace,  there  would  be  no  immediate  effect  on  the 
analyses  of  the  furnace  gases  when  pyrites  are  charged.     This  is 
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not,  however,  the  case.  Five  minutes  after  the  charge  has  been 
dropped,  the  gases  will  invariably  show  a  higher  SO2  content 
when  B  ore  has  been  used,  than  when  the  ore  P  or  L.  ore  has 
been  used.  I  see  no  explanation  for  this  thoroughly  demon- 
strated fact,  except  that  part  of  the  sulphur,  dissociated  from 
the  FeS2,  i^  burned  in  the  upper  part  of  the  furnace  by  the  oxygen 
of  the  blast.  The  analyses  of  the  furnace  gases  and  calcula- 
tions based  on  the  output  of  the  blowers  both  show  that  there 
is  oxygen  available,  so  why  shouldn't  it  oxidize  some  of  this 
sulphur? 


THE  COMMERCIAL  ASPECT  OF  ELECTRIC  ZINC- 
LEAD  SMELTING. 

By  WooLSEY  McAlpine  Johnson,  Hartford,  Conn. 

Annual  Meeting,  Montreal,  March,  191 4 

The  above  title  has  been  selected  since  it  is  the  object 
of  the  present  paper  to  give  to  business  men  the  opportunity 
of  viewing  from  the  standpoint  of  dollars  and  cents,  the  remark- 
ably satisfactory  results  which  have  been  obtained  by  the  treat- 
ment of  complex  zinciferous  copper  and  lead  ores  in  the  John- 
son continuous  electric  zinc  furnace. 

It  is  an  old  adage  that  "people  are  not  in  business  for 
their  health,"  which  carries  the  corollary  that  "people  are  in 
business  for  business."  Healthy  people  are  in  business,  but  as 
a  rule  the  healthier  they  are  the  stronger  is  their  appreciation 
of  the  commercial  side  of  a  proposition.  With  this  in  view  I 
will  confine  my  present  remarks  to  the  practical  results  which 
I  have  obtained,  leaving  to  one  side  for  the  moment,  the 
scientific  and  academic  discussion  of  the  subject. 

Scientifically,  the  underlying  chemical  principles  of  the 
process  are  correctly  grouped  and  related,  and  I  am  happy  to 
say  that,  after  many  years  of  earnest  study  and  experiment, 
the  process  is  now  a  technical  success.  This  fact  is  attested  not 
only  by  those  who  have  been  concerned  with  the  development 
of  the  work  to  its  present  state  of  efficiency,  but  also  by  the 
judgment  of  many  high-class  engineers  and  metallurgists  who 
have  seen  the  furnaces  in  operation  and  have  studied  the  process 
in  all  of  its  details.  The  summary  of  the  results  obtained  in 
the  first  run  of  electric  furnace  No.  26,  just  completed,  given 
in  Table  1,  shows  at  a  glance  the  remarkable  advantages  which 

the  process  possesses. 

lor 
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Before,  however,  discussing  the  commercial  aspect  of  the 
question,  a  brief  outline  of  the  process  may  be  presented  to- 
gether with  a  short  description  of  the  electric  furnace  in  which 
the  smelting  operation  is  carried  out. 

As  a  result  of  ten  years  of  specialized  study  and  experiment 
I  have  finally  devised  a  combination  of  chemical  reactions 
heretofore  never  grouped  together  in  one  operation,  whereby 
complex  zinciferous  copper-lead  ores  of  high  metallic  values, 
containing  also  silver  and  gold,  can  be  economically  smelted. 
On  account  of  the  high  zinc  content,  an  ore  of  this  kind,  with 
rare  exceptions,  cannot  be  profitably  treated  by  any  other 
chemical  or  metallurgical  process  in  use  today;  and  I  therefore 
claim  that  I  have  established  a  new  art  in  the  metallurgical 
field. 

Any  metallurgical  process,  to  be  successful,  must  fulfill 
the  following  requirements: 

(1)  It  must  be  founded  on  correct  chemical  principles; 

(2)  It  must  be  carried  out  in  correct  apparatus,  (a  fur- 
nace for  example,  must  be  able  to  perform  its  duty 
at  all  times) ; 

(3)  It  must  be  commercially  correct,  for  if  it  cannot 
yield  a  profit  on  the  investment  it  is  of  no  industrial 
value.  The  success  of  a  chemical  or  metallurgical 
process  is  gauged  directly  by  the  commercial  returns. 

Outline  of  the  Process. 

The  process  as  applied  to  zinciferous  copper-lead  ores,  is 
briefly  as  follows: 

(1)  Rough  roasting,  to  expel  a  large  part  of  the  sulphur 
until  it  does  not  exceed  (say)  from  4%  to  6%.  This  roasting 
is  an  ordinary  operation  and  can  be  done  in  general  practice  at 
a  cost  of  less  than  one  dollar  per  ton.  If  the  original  ore  or 
concentrate  is  high  enough  in  sulphur,  it  can  be  roasted  by 
sulphuric    acid    manufacturers    at   little    or    no   charge   to   the 
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metallurgist,  and  the  cost  of  this  preliminary  treatment  would 
then  be  reduced  to  that  of  freight  and  handling  only. 

(2)  Preheating  and  pre-reducing  the  ore  ivith  admixture  of 
soft  coal,  so  as  to  reduce  much  of  the  iron  oxide  to  metallic  iron 
(spongy  or  pyrophoric  iron)  which  is  necessary  in  the  subse- 
quent treatment  in  the  electric  furnace.  More  than  half  of  the 
heat  required  for  the  chemical  reactions  is  supplied  very  cheaply 
in  this  preheater. 

(3)  Final  reduction  to  metals  in  the  continuous  zinc  fur- 
nace to  decompose  the  sulphides  of  zinc  and  lead,  forming  (a) 
metallic  zinc,  which  is  volatilized  and  collected  in  the  condenser, 
(b)  copper-matte  and  (c)  lead-bullion,  which  are  collected  in 
the  bottom  of  the  furnace  and  (d)  molten  slag  which  floats 
on  the  top  of  the  matte  is  the  most  important  step  in  the 
process. 

The  Johnson  Electric  Furnace. 

The  present  Johnson  continuous  electric  zinc  furnace,  as 
installed  at  Hartford,  has  an  exterior  form  of  a  cube  about 
five  feet  on  the  edge,  resting  on  a  heavy  iron  plate  supported  by 
four  piers.  The  bricks  of  the  furnace  are  bound  together  by 
4-inch  "I"  beams  and  tie-rods  having  heavy  steel  springs  at 
the  ends  to  compensate  for  expansion  and  contraction.  The 
outer  construction  of  firebrick  surrounds  the  interior  hearth  or 
crucible  of  magnesite  brick.  This  crucible,  in  which  the  smelt- 
ing reactions  occur,  has  interior  dimensions  of  35  inches  by 
40  inches  by  30  inches  in  height.  At  the  bottom  of  the  crucible 
is  a  water-cooled  tap-hole  for  the  molten  matte  and  lead-bul- 
lion, and  at  a  proper  distance  from  the  bottom  is  another  water- 
cooled  tap-hole  for  the  removal  of  the  molten  slag.  Four 
copper-covered  carbon  electrodes  5  inches  in  diameter  are 
attached  to  the  bus-bars  by  water-cooled  clamps.  These 
electrodes,  supported  by  chain  tackles,  project  through  the 
arched  roof  of  the  furnace  into  the  crucible.  Hoppers  for  the 
introduction  of  ore,  flux  and  reducing  material  are  situated  at 
the  top  of  the  furnace  near  the  electrodes.  At  one  side  near  the 
top  is  a  brick-lined  flue  to  carry  the  vaporized  zinc  and  furnace 
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gases  to  the  condenser  in  which  the  zinc  is  collected  in  molten 
metallic  form;  and  the  escaping  gas,  chiefly  carbon  monoxide, 
is  burned  in  a  steady  flame  as  it  escapes  through  small  orifices 
into  the  air. 

Furnace  Operation. 

The  mechanical  operation  of  the  electric  furnace  is  simple. 
The  charging  of  the  ore,  flux  and  coal,  the  tapping  of  the  copper- 
matte  and  lead-bullion  and  slags  from  the  furnace,  and  the 
collection  and  tapping  of  the  molten  zinc  from  the  adjoining 
condenser  call  for  no  specially  skilled  labour.  The  temperature 
of  the  furnace  at  all  times  is  under  absolute  control,  and  the 
reactions  are  carried  out  at  the  will  of  the  operator.  On 
account  of  the  high  temperature  used,  the  slags  are  very  liquid 
and  there  is  practically  complete  separation  of  the  matte  and 
reduced  lead  from  the  slag.  An  average  analysis  made  by  the 
Ledoux  Laboratories  in  New  York,  of  6,000  lb.  of  electric 
furnace  slag,  while  treating  zinciferous  lead-copper  material, 
gave:  Zn.  0.65  per  cent.;  Cu.  0.12  per  cent.,  Pb  none,  Ag.  0.15 
oz.  and  Au.  0.00  oz.  per  ton.  The  metallic  content  of  this  slag 
is  so  low  as  to  be  almost  unbelievable. 

Chemistry  of  the  Operation. 

The  ores  to  be  treated  in  the  electric  furnace  are  crushed 
to^proper  size,  roasted  to  proper  content  of  sulphur  and  blended 
to  give  a  mixture  of  the  following  range  of  composition:  Zinc, 
15  to  40  per  cent.;  lead  5  to  30  per  cent.;  copper  1  to  5  per 
cent.;  iron,  10  to  20  per  cent.;  sulphur,  3  to  7  per  cent.; 
silica,  10  to  30  per  cent.;  alumina,  3  to  5  per  cent.;  and  lime,  3 
to  7  per  cent.  A  type  mixture  would  contain,  zinc,  30  per 
cent.;  lead,  10  per  cent.;  copper,  2  per  cent.;  iron,  15  per  cent.; 
sulphur,  4  per  cent.;  silica,  15  per  cent.;  alumina,  3  per  cent, 
and  lime,  6  per  cent.  This  blended  material  is  then  mixed  with 
about  15  per  cent,  of  soft  coal  and  carefully  charged  into  a 
muffle  preheater  of  the  Hasenelever  type,  fired  with  soft  coal  and 
carefully  deoxidized  at  a  final  temperature  of  from  850°  C.  to 
1040°  C,  which  is  just  below  the  reduction-temperature  of  zinc 
oxide.     The  deoxidized  material  is  then  fed  continuously  into 


Electric  Zinc-Lead  Smelting — Johnson  111 

the  electric  furnace  which  is  of  the  huried-arc  type.  The 
electrodes  are  submerged  in  the  slaj^  and  the  charf^e.  Care 
must  be  taken  that  there  is  no  local  heating,  called  'hot  spots' 
or  local  cooling,  called  'cold  spots'  or  'freezing'  of  the  slag  in 
the  fusion-zone,  which  should  have  a  temperature  of  from 
1225°  C.  to  1250°  C. 

In  the  preheating  operation  the  following  chemical  re- 
actions occur: 

(1)  CaS04  +  2C  +  H2  =  CaS  +  CO  +  CO.>  +  H20 

(2)  BaS04  +  2C  +  H.  =  BaS  +  CO  +  COo  +  HoO 

(3)  ZnS04  =  ZnO  +  S03  =  ZnO  +  S02  +  0 

(4)  .  2Fe203  +  3C  +  2H2  =  4Fe-l-2CO  +  COo  +  2H20 

(5)  4CuO  +  2C+H2  =  4Cu  +  CO  +  C02  +  H20 

In  the  above  reactions  the  carbon  is  derived  from  solid 
carbon,  carbon  monoxide  and  hydrocarbons.  The  hydrogen 
comes  from  the  hydrocarbons.  The  relative  percentages  of 
CO  and  CO2  in  the  furnace  gases  will  depend  on  the  physico- 
chemical  condition  of  the  charge.  There  are  also  other  chemical 
reactions  which  need  not  be  given  here. 

From  90  to  99  per  cent,  of  the  Fe203  is  reduced  to  the 
metallic  state. 

The  charge,  after  the  desired  reactions  have  taken  place 
in  the  preheater,  is  fed  through  the  hoppers  of  the  electrical  fur- 
nace direct  to  the  smelting  zone  in  which  the  following  chemical 
reactions  occur,  under  the  influence  of  the  electric  current: 

Temp,  at  which 
Reactions  begin. 

(6)  ZnO  +  C  =  Zn  +  CO 1040°  C. 

(7)  ZnS  +  Fe  =  Zn  +  FeS 1175°  C. 

(8)  ZnS  +  2Cu  =  Zn-fCu2S 1150°  C. 

(9)  C02  +  Fe  =  FeO-fCO 1000°  C. 

(10)  ZnO  +  Fe  =  FeO  +  Zn 1200°  C. 

(11)  3Fe  +  S02  =  FeS  +  2FeO 1200°  C. 

(12)  2ZnS  +  C  =  2Zn-l-CS2 1350°  C. 

(13)  2Fe  +  CS2  =  2FeS  +  C 1100°  C. 

(14)  ZnO  +  CO  =  Zn  +  C02 900°  C. 
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As  a  result  of  these  reactions,  the  sulphur  combines  first 
with  the  reduced  copper  and  then  with  reduced  iron  to  form 
copper-matte,  which  collects  some  silver  and  gold  and  settles  to 
the  crucible.  Similarly  the  reduced  lead,  in  molten  metallic 
form,  collects  the  rest  of  the  silver  and  gold,  forming  a  base- 
bullion,  which  settles  in  the  crucible  and  collects  below  the 
molten  matte.  The  silica,  lime,  iron  oxide  (and  alumina 
and  magnesia  if  present)  combine  to  form  the  slag,  which,  being 
specifically  lighter,  floats  on  top  of  the  matte.  The  zinc 
which  is  reduced  to  the  metallic  form  is  immediately  vaporized 
at  the  temperature  of  the  furnace  and  passes  to  the  condenser 
at  the  side,  where  it  is  condensed  and  collected  in  a  molten  con- 
dition. The  slag  is  deoxidized  and  desulphurized  and  the  matte 
is  made  so  metallic  that  no  sulphur  vapour  is  given  off  at  the 
temperature  of  the  fusion  zone.  Under  this  condition  the 
gas  from  the  furnace  is  so  pure  that  when  it  reaches  the  con- 
denser the  zinc  vapour  changes  directly  from  the  gaseous  con- 
dition to  the  liquid  condition,  and  molten  zinc  is  formed  with 
little  or  no  blue  powder. 

The  condenser  consists  of  elongated  iron  vessels  lined  with 
fire-brick  having  movable  covers  to  facilitate  cleaning,  and 
capable  of  being  heated  or  cooled.  If  sufficient  surface  be  pro- 
vided and  enough  time  allowed,  the  zinc  vapour  will  con- 
dense satisfactorily  to  the  molten  metal.  The  uniform  manner 
in  which  the  chemical  reactions  occur  in  the  smelting  furnace 
is  shown  by  the  steadiness  of  the  flame  of  burning  carbon  mon- 
oxide as  it  escapes  into  the  outer  air  from  the  prolongs  of  the 
condensing  vessels.  This  flame  has  the  appearance  of  that  of  a 
Bunsen  burner  in  a  laboratory. 

Blue  Powder. 

Electric  zinc  smelting  without  good  condensation,  as  is 
sometimes  practiced  in  Norway  and  Sweden,  is  not  com- 
mercially profitable  under  American  conditions.  Suppose,  in 
treating  a  charge  containing  70%  of  zinc,  that  40%  of  the  vapor- 
ized zinc  be  condensed  in  molten  metallic  form  (spelter)  and 
60%  in  the  form  of  'blue  powder.'        This  corresponds  to  a 
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condensation-factor  of  40%  and  represents  some  of  the  smelting 
done  in  Norway,  where  electric  energy  is  so  cheap  that  the 
inefficiency  of  the  j)riictice  is  unimportant  commercially.  In 
the  first  smelting  there  would  be  produced,  2000  x  70%  x 
40%  =  560  lb.  of  metallic  zinc,  and  2000  x  70%  x  60%  =  840 
lb.  blue  powder.  This  blue  powder  is  subsequently  resmelted 
to  produce  metallic  zinc  and  more  blue  powder,  and  so  on. 
Assuming  a  constant  condensation-factor  of  40%,  the  final 
reduction  of  all  the  blue  powder  produced  in  treating  2000  lb. 
of  70%  material  would  involve  the  handling  of  2087  lb.  of  this 
material.     This  is  shown  as  follows: 

1st    smelting  of  one  ton  of  ore  yields  blue  powder.  .    840  lb. 

2nd  "  of  blue  powder,  yields  840  x  60%. .  .  504 

3rd  "                      "  "      504x60%...  302.4 

4th  "                      "  "      302.4x60%.  181.4 

5th  "                      "  "      181.4x60%.  108.8 

6th  "                      "  "      108.8x60%..       65.3 

7th  "                      "  "        65.3x60%.        39.2 

8th  "                      "  "        39.2x60%.        23.5 

9th  "                      "  "        23.5x60%..        14.1 

10th  "                      "  "        14.1x60%.           8.5 

2087.2 

The  treatment  of  material  containing  30%  of  zinc  in  the 
Johnson  electric  furnace  having  a  condensation-factor  of  90% 
in  place  of  40%,  as  in  Norway,  shows  a  remarkable  gain,  as 
follows : 

1st    smelting  of  one  ton  of  ore  yields,  blue  powder 60       lb. 

2nd  "      blue  powder  yields  60  x  10% 6 

3rd  "  "  "        6  X  10% 0.6 

66.6  lb. 

which  shows  for  the  final  reduction  of  all  the  blue  powder  pro- 
duced in  the  treatment  of  one  ton  of  ore,  a  handling  of  only  66.6 
lb.,  as  contrasted  with  2087.2  lb.,  in  the  practice  in  Norway  and 
Sweden. 
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Blue  powder  oxidizes  readily,  and  the  oxide  so  produced 
requires  energy  to  rework  which  increases  the  cost  per  ton  of 
extracting  zinc  from  ore  or  residues.  Moreover,  the  blue 
powder  itself  is  dangerous  to  handle  on  account  of  its  explosive 
character. 

Blue  powder  is  produced  in  several  waj^s : 

1.  By  the  existence  of  certain  physical  conditions  at  the 
time  of  condensation,  such  as  sudden  cooling  to  a  temperature 
below  the  melting-point  of  zinc.  The  product  made  in  this 
manner  is  called  'physical'  blue  powder. 

2.  By  the  formation  of  a  superficial  coating  of  zinc  oxide 
or  zinc  sulphide  on  the  minute  droplets  of  molten  metallic  zinc, 
which  prevents  them  from  coalescing.  This  product  is  called 
"chemical"  blue  powder. 

The  coating  of  the  minute  particles  of  metallic  zinc  with 
sulphide  is  a  discovery  of  our  own,  and  was  not  known  in  the  art 
prior  to  the  issue  of  our  Canadian  patent.  No.  146,  234,  Febru- 
ary 26,  1913.  In  this  patent  there  is  a  description  of  the 
metallurgical  principles  underlying  the  Johnson  process,  particu- 
lar stress  being  laid  on  the  manner  of  purifj'ing  the  furnace  gas, 
which  is  deoxidized  and  desulphurized  in  the  smelting-fusion- 
zone  of  the  furnace.  The  descending  particles  of  metallic  iron 
and  metallic  copper,  made  in  the  preheater,  have  so  strong  an 
affinity  for  the  oxygen  and  the  sulphur  that  they  immediately 
combine  with  these  elements  and  carry  them  into  the  matte  and 
the  slag. 

Foreign  Electric  Zinc  Smelting. 

In  Norway  and  Sweden  the  general  tendency  has  been  to 
smelt  electrically  zinc-bearing  material  having  a  high  percent- 
age of  zinc,  such  as  skimmings,  dross  and  impure  zinc  oxide. 
Electric  energy  is  cheap,  costing  from  1  to  Ij^  mills  per  kilo- 
watt-hour. There  is  not  the  incentive  there  to  treat  low-grade 
ores  which  require  considerably  less  power.  Moreover,  cheap 
coal  is  not  available.  These  conditions,  which  limit  the  field 
of  electric  zinc  smelting  in  Norway  and  Sweden,  do  not  hamper 
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the  Johnson  process  as  applied  in  America,  for,  as  already 
mentioned,  one  half  of  the  quantity  of  heat  units  required  can 
be  supplied  in  the  preheater  by  the  use  of  cheap  coal.  Also, 
low  grade  material  can  be  treated  more  cheaply  per  ton  of 
material  than  can  high  grade.  The  chemical  reactions  No's. 
7,  8  and  10  absorb,  per  unit  of  material,  half  of  the  heat  required 
by  reaction  No.  6.  A  comparison  of  the  efficiency  of  the 
Johnson  electric  zinc  furnace  with  that  of  the  ordinary  retort 
practice  leads  me  to  feel  that  the  present  European  practice  is 
all  wrong.  The  higher  the  grade  of  the  ore,  the  cheaper  it  is 
to  treat  in  the  retort  furnace,  while  with  the  electric  furnace, 
the  lower  the  grade  of  the  ore  the  cheaper  it  is  to  smelt. 

Smelting  of  Complex  Zinc  Ores. 

As  applied  to  complex  zinciferous  ores  the  Johnson  process 
is  cheaper  than  the  retort  process,  and  it  has  the  additional 
advantage  that  the  copper-matte  and  base-bullion  produced, 
are  tapped  from  the  furnace  and  directly  cast  into  a  merchant- 
able form.  In  the  retort  furnace,  the  residues  carrying  copper, 
lead,  etc.,  require  retreatment  before  the  metallic  content  can 
be  marketed.  Furthermore,  the  loss  of  metallic  values  in  the 
slag  of  the  Johnson  furnace  is  phenominally  low,  a  fair  average 
being  2  lb.  of  copper  and  2  lb.  of  lead  per  ton  of  slag  pro- 
duced. Silver  and  gold  losses  also  are  reduced  to  a  minimum. 
By  careful  furnace  control,  1  believe  that  the  slags  in  our  electric 
furnace  can  be  made  to  run  continuously  even  lower  than  this, 
containing  less  than  $0.50  of  metallic  values  per  ton;  and  with 
special  care,  if  desired,  this  figure  can  be  still  further  reduced 
to  $0.20  or  even  to  $0.10  per  ton. 

Let  us  compare  the  Johnson  electric  furnace  process  with 
the  coal-  or  gas-fired  retort  furnace  processes  for  the  treatment 
of  zinc  ores.  For  successful  smelting  in  the  ordinary  dis- 
tillation retort  furnace  the  ore  must  contain  a  high  percentage 
of  zinc  and  must  be  free  from  notable  amounts  of  silica,  iron, 
lime,  lead  and  copper.  Moreover,  if  the  ore  is  a  sulphide  it 
must  be  'dead'  or  'sweet'  roasted  for  the  almost  complete 
elimination  of  the  sulphur,  say,  to  one  per  cent,  or  less,  which 

(H) 
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is  a  comparatively  costly  operation.  These  requirements  limit 
the  classes  of  material  which  can  be  successfully  treated  in  the 
retort  furnaces  for  zinc. 

The  Johnson  electric  furnace  process  has  no  such  limita- 
tions. Furthermore,  it  possesses  many  commercial  advantages 
over  the  retort  distillation  processes,  notably : 

(1)  It  can  treat  successfully  ores  containing  iron,  lime 
and  silica. 

(2)  It  can  treat  successfully  ores  containing  copper, 
lead,  silver  and  gold,  collecting  these  valuable  metals 
at  once  in  merchantable  form;  the  zinc  as  spelter, 
the  copper  with  some  of  the  silver  and  gold  as  matte 
and  lead  with  the  rest  of  the  silver  and  gold  as  base- 
bullion. 

(3)  The  labour  cost  per  ton  of  material  treated  is  less  than 
that  of  the  retort  furnaces;  and 

(4)  In  the  first  stage  of  the  preliminary  treatment  the 
roasting  need  be  carried  on  only  until  the  sulphur 
content  has  been  reduced  to  from  4  to  6  per  cent., 
which  can  be  done  quite  cheaply  as  compared  to  a 
'dead'  or  'sweet'  roast. 

(5)  Finally,  in  the  retort  furnace  the  cost  per  ton  of  treat- 
ing low-grade  ores  is  higher  than  that  of  high-grade 
ores;  whereas,  in  the  Johnson  electric  furnace,  the 
opposite  is  the  case,  which  is  an  immense  advantage 
since  it  greatly  broadens  the  field  of  application. 

Mechanical  Concentration  of  Zinc  Ores. 

The  Johnson  process  will  have  a  direct  bearing  on  the 
mechanical  preparation  of  zinc-ores,  since,  by  its  application, 
ores  containing  iron,  lime  and  lead  can  be  smelted.  This  will 
naturally  tend  to  simplify  and  shorten  the  present  methods  of 
ore-concentration.  There  will  be  less  regrinding,  and  elaborate 
and  expensive  systems  of  concentration  can  be  eliminated  or 
modified  so  as  to  give  better  results  for  the  electric  furnace  at  a 
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minimum  cost.  Crypto-crystalline  lead-copper-zinc  ores, 
which  are  not  now  amenable  to  concentration  methods,  can  be 
smelted  by  the  electric  furnace  process;  and  many  ores  now 
undesirable  for  the  retort-plant  will  become  valuable  for 
reatment  in  the  electric  furnace. 

The  Johnson  Process  in  the  Field  of  Lead  Smelting. 

Startling  as  the  statement  may  seem,  it  is  nevertheless  true 
that  the  Johnson  electric  furnace  promises  to  become  a  more 
important  factor  in  lead  metallurgy  than  it  will  in  zinc  metal- 
lurgy, and  this  is  particularly  pertinent  for  the  treatment  of 
zinciferous  copper-lead  ores  with  or  without  gold  and  silver, 
which  may  carry  so  large  a  percentage  of  zinc  as  to  prevent 
profitable  treatment  in  the  lead  furnace  of  today. 

A  word  concerning  the  relative  cost  of  the  heat  required  is 
here  in  order.  The  Johnson  process  as  applied  to  ores  or 
slag  containing  lead  and  copper,  with  possibly  (and  preferably) 
silver  and  gold  requires  a  careful  treatment  on  the  preheating 
furnace  to  a  temperature  of  about  1000°  C.  and  a  subsequent 
smelting  in  the  electric  furnace  at  a  temperature  of  about 
1250°  C. 

The  cost  of  producing  the  required  heat  for  one  ton  of 
charge  in  the  preheater,  using  20%  of  soft  coal  at 
$3  per  ton,  is $0.60 

The  cost  of  the  electric  energy  in  the  smelting  furnace  is 
100  kilowatt-hour  per  short  ton  of  charge  at  3  mills 
per  K.  W.H.,  is 0  .  30 

Giving  a  total  cost  per  ton  of  material  treated,  of $0.90 

Assuming  the  amount  of  fuel  required  in  the  present  lead 
smelting  furnace  to  be  about  15%  of  the  weight  of  the  ore  and 
flux  charged.  With  coke  at  $6  per  ton  the  cost  of  the  fuel 
would  be  $0.90  per  ton  of  charge — which  is  equal  to  the  cost 
of  the  fuel  and  electrical  energy  required  in  the  preheater  and 
the  electric  furnace. 
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The  strongest  points  of  the  Johnson  process,  are: 

(1)  The  loss  of  vakiable  metals  by  volatilization  and  dust 
is  practically  nil;    de  natiira  rerinn. 

(2)  The  loss  of  valuable  metals  in  the  slag  is  at  a  minimum, 
since  the  intensity  of  the  reducing  action  prevents 
chemical  loss  in  slag,  and  the  high  temperature  of  the 
smelting  zone  yields  a  very  liquid  slag,  which  being 
quiescent  in  the  furnace  permits  an  almost  perfect 
settling  out  and  separation  of  all  entrained  matte  or 
bullion  thus  preventing  mechanical  loss.  As  con- 
trasted with  the  present  art  of  smelting  lead-copper 
ores  in  the  shaft  furnace  the  saving  of  these  metallic 
values  from  the  slag  in  the  electric  furnace  amounts 
to  from  $1  to  $1.50  or  something  more  per  ton  of 
ore  treated. 

(3)  {And  of  greatest  importance)  is  the  saving  in  the  elec- 
tric furnace  of  85%  of  the  zinc  of  the  furnace  charge. 
This  great  advantage  opens  up  a  field  of  operation 
which  stuns  the  mind  by  its  magnitude. 

In  lead  smelting  in  shaft  furnaces  as  practiced  today,  the 
presence  of  zinc  makes  the  ore  a  bete  noire.  Not  only  is  all 
the  zinc  lost,  but  so  difficult  does  it  make  the  smelting  that 
penalty  charges  of  from  30  to  50  cents  per  unit  are  levied  for 
percentages  above  a  given  quantity,  usually  10%. 

Penalty  Versus  Credit  for  Zinc  in  Lead  Ores. 

Our  results  show  that  on  smelting  an  ore  containing  '20% 
of  zinc  the  total  zinc  loss  on  the  slag  is  somewhat  less  than  in 
smelting  a  35%  ore,  and  our  tests  show  that,  under  these 
conditions  a  loss  of  2%  of  zinc,  per  ton  of  ore  is  commercially 
attainable.  On  this  assumption,  viz.,  that  each  per  cent. 
of  zinc  over  2%  is  recovered  as  spelter  by  us,  for  30  K.W.H.  per 
unit  of  20  lb.  at  a  cost  (with  energy  at  3  mills  per  K.AV.H.)  of 
$0.09.     This  20  lb.   of  spelter  is   worth  at  the  smelter  $1.00 
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gross  or  $0.90  net— so  that  iiisload  of  a  penalty  levied  hy  the 
lead  smelter  of  from  .'50  to  50  cents  per  unit  for  zinc  above  8  or 
10%,  the  treatment  by  the  Johnson  process  will  give  a  credit 
of  nearly  $1  per  unit  of  zinc  in  the  ore  above  2%.  This  dif- 
ferential advantage  will  in  many  instances  amount  to  from 
$10  to  $l.>  per  ton  in  the  value  of  the  ore. 

The  statement  has  been  made  authoritatively  that  the 
value  of  the  zinc  lost  annually  in  the  slags  of  copper  and  lead 
furnaces  of  the  United  States  amounts  to  at  least  $30,000,000, 
which  is  two-thirds  the  actual  value  of  the  total  quantity  of 
primary  spelter  produced  in  the  United  States  from  domestic 
ores  during  the  year  1912.  A  large  part  of  this  great  loss  of 
zinc  in  the  waste  slags  can  be  prevented. 

The  commercial  possibilities  of  the  Johnson  process  are 
extraordinarily  great.  In  the  United  States  alone  there  are 
untold  thousands  of  tons  of  zinciferous  ores  containing  metal 
values  ranging  from  $25  to  $50  or  more  per  ton,  which  cannot 
now  be  treated  profitably  by  existing  chemical  or  metallurgical 
processes.  There  is  too  much  zinc  present  to  permit  of  profit- 
able smelting  in  a  lead  or  copper  furnace,  and  there  is  too  much 
base  metal,  iron  or  lime,  present  for  profitable  treatment  in  the 
retort  furnace  for  zinc.  These  zinciferous  ores  are  left  in  the 
mine  or  the  deposits  are  undeveloped  awaiting  the  advent  of 
just  such  a  process  as  I  have  invented.  There  are  also  thou- 
sands of  tons  of  wpste  slimes  and  other  products  of  the  mechani- 
cal concentration  or  ores  which  can  be  profitably  treated  by  my 
process. 

Finally,  apart  from  the  financial  returns  which  will  result 
from  the  development  and  extension  of  the  process,  it  is  to  be 
borne  in  mind  that  it  will  be  a  great  factor  in  the  future  con- 
servation of  the  mineral  resources  of  the  world,  since  it  perjnits 
the  exti-action  of  both  base  and  precious  metals  from  material 
which,  on  account  of  its  zinc  content  and  complex  character,  is 
now  thrown  on  the  dump  and  wasted,  or  the  ore  is  left  in  the 
mine  undeveloped. 
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Results  of  Actual  Furnace  Practice 

TABLE  I. 

Metallurgical  Balance  Sheet     of  Run  No.   1,  in  Johnson  Electric 
Furnace  No.  26— Jan.  3,  1914  to  Feb.  13,  1914. 

(This  balance  sheet  is  from  the  mixing  floor  to  the  electric  furnace  products.) 

Zinc. 


Charge    Chiefly  Quantity  Per  Cent. 

Pounds 

Colorado  Ore 27,847  31 .  6 

N.  H.  Ore 27,248  42 . 4 

Y.  P.  Slimes  (Raw) 5,430  33.7 


Accounted 
for 

Spelter 17,243 

Flue  Dust 2,594 

Matte 3,478 

Lead  Dross 177 

Slag 45,850 


Metal 

Content, 

Pounds 

8,835 

11,526 

1,831 


In    furnace    bottom    not    yet 
recovered 


22,192 

Distribu- 
tion of 
Metal, 

Per  Cent, 

98.0 

16,900 

76.3 

68.2 

1,769 

8.0 

9.1 

316 

1.4 

4.0 

7 

6.9 

3,156 

14.2 

22,148 

99.8 

44 

0.2 

22,192 


100.0 


Spelter   recovery 77 . 9% 

Zinc  recovered  in  condensers 8 . 2% 


Total  zinc  recovery 86. 1% 

Condensation-factor 77 .  87% 

Lead. 


Charge  Chiefly  Quantity 

Pounds 

Colorado  Ore 27,847 

N.  H.  Ore 27,248 

Y.  P.  Slimes  (Raw) 5,430 


Metal 

Per  Cent. 

Content, 

Pounds 

12.75 

3,556 

6.13 

1,671 

8.63 

467 

5,694 


Note: — "Spelter  recovery"  is  calculated  in  the  usual  commercia  way,  .e 
on  the  basis  of  1007<  of  zinc  in  the  spelter.  The  "Condensation  Factor"  is 
similiarly  calculated. 
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Accounted 
for 

Bullion 

Matte 3,478 

Lead  Dross 177 

Slag 45,850 

Spelter 17,245 

Flue  Dust 2,562 

In    furnace    bottom    not    yet 

recovered 


9.07 

60.0 
0.153 
2.03 

14.5 


2.437 
315.3 
106.2 
70.4 
351.5 
371.0 


2,042.6 
5,694 


Distribu- 
tion of 
Metal, 
Per  Cent. 
42.8 
5.5 
1.9 
1.2 
6.1 
6.5 


36.0 
100. 


Copper. 

Charge    Chiefly  Quantity 

Pounds 

Colorado  Ore 27,847 

N.  H.  Ore 27,248 

Y.  P.  Slimes  (raw) 5.430 


Accounted 
for 

Matte 3,478 

Slag 45,850 

Spelter 17,245 

Flue  Dust 2,594 

In   furnace    bottom    not    yet 

recovered 


Per  Cent. 

Metal 
Content, 
Pounds 

1.69 

470. 

0.64 

174.4 

0.57 

30.3 

674.7 

Distribu- 
tion of 
Metal, 

Per  Cent, 

12.62 

439. 

65.2 

0.239 

109.3 

16.2 

0  05 

8.6 

1.3 

0.07 

1.8 

0.3 

116. 

17. 

674.7 


100. 


Silver 

Charge  Chiefly  Quantity 
Pounds 

Colorado  (brown  ore) 13,288 

Colorado  (black  ore) 12,664 

N.  H.  No.  1 16,427 

N.  H.  No.  2- 4,054 

Slimes  (reduced) 1,831 

Old  Mix 6,290 


Metal 

Ounces 

Content, 

Per  Ton 

Ounces 

22.0 

146.0 

9.0 

61.5 

6.2 

51.0 

2.6 

5.3 

4.69 

4.3 

5.35 

10.8 

284.9 
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Distribu- 

Accounted 

tion  of 

for 

Metal, 
Per  Cent 

Bullion 

2,437 
3,478 

116.5 
21.8 

142.9 
37.9 

50  7 

Matte 

13.5 

Lead  Dross 

177 

87.0 

7.  7 

2.7 

Spelter 

17, 24  J 

0.45 

3.9 

1.4 

Flue  Dust 

2,594 

0.45 

0.0 

0.3 

Slag 

45,850 

0.78 

17.9 

6.4 

In    furnAce    bottom    not 

vet 

recc  >'ered 

.  .    74.0 

30. 

280.4 

100. 

Gold 

Charge  Cliiefly 

Quantitv 

Ounces 

Metal 

Pounds 

Per  Ton 

Contents 

Colorado   (brown  ore) 

13,288 
12,664 

0.04 
0.44 

0.268 
3.008 

Colorado   (black  ore) 

N.  H.  No.  1 

16,427 

N.  H.  No.  2 

4,054 

Y.  P.  Slimes  (reduced) .  . 

1,831 

0.05 

0.046 

Old   Mix 

6,290 

3.322 

Distribu- 

Accounted 

tion 

for 

Per  Cent 

Bullion 

2.437 

1.07 

1.359 

45.0 

Matte 

3.478 
177 

0.099 
3.0 

0.173 
0.266 

5  8 

Lead  Dross 

8.9 

Spelter 

17,245 

Flue  Dust 

2,594 

Slag 

45,850 

In    furnace    bottom    not 

yet 

recovered 

1.520 

40.03 

3.094  100. 

XoTE.— The  energy  consumption  per  ton  of   charge   was   1490   K.W.H. 
Average  voltage,  25;    average  amperes,  2800. 

Theoretical  energy  consumption  with  efficient  pre-reducing 
per  short  ton  (Zn  29%)  calcined  zinc  ore  264  K.W.H. 
"    (Zn  44%)       "  "       "    565 

"    (Zn70%)       "  "       "    900 

Electrode-carbon  consumed  in  41  days  185    lb.    or    4.5  lb.  per    day,  per 
ton  of  ore  treated  6.05  lb. 


Discussion. 


Mr.  W.  R.  Ingalls. — I  am  sure  that  we  have  all  listened 
with  great  interest  to  what  Mr.  Johnson  has  told  us  about  his 
work.  Mr.  Johnson  has  been  engaged  in  the  study  of  this 
problem  for  many  years,  ten  years  he  has  told  us,  and  during 
that  time  he  has  courageously  spent  a  great  deal  of  money  in 
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carrying  on  his  cxperiniiMils  ;incl  has  devoled  his  almost  un- 
divided attonlit)u  to  them,  lie  deserves  high  credit  for  what 
he  has  accomplished  and  is  to  be  congratuhxted  upon  Ids  pro- 
gress. At  the  present  time  he  stands  ahead  of  anybody  in 
North  America  in  liis  achievements  in  this  subject.  However, 
as  to  the  relative  position  of  the  Europeans  and  the  Americans, 
including  Mr.  Johnson,  I  think  we  can  hardly  claim  yet  that 
we  are  ahead  over  here.  They  have  been  at  it  longer  in  Europe 
than  we  have  on  this  side,  even  longer  than  Mr.  Johnson'  has 
been  at  it.  Their  serious  experimental  work  began  as  far  back 
as  1898,  and  now  there  are  at  least  three  works  in  Sweden  and 
Norway  in  operation  on  a  commercial  basis.  In  making  a 
commercial  process  of  electric  zinc  smelting  they  are  certainly 
further  ahead  than  we  are,  inasmuch  as  they  have  done  it, 
while  we  have  not  yet  done  it,  although  we  hope  to  do  it.  They 
are  also  ahead  of  us  in  the  size  of  the  furnaces  that  they  have 
constructed.  They  have  learned  how  to  V>uild  larger  furnaces 
and  keep  them  longer  in  operation  than  anybody  on  this  side 
has  yet  done,  and  this  matter,  viz.  the  practicable  length  of 
furnace  campaign  is  decidedly  important  in  determining  the 
rentability  of  the  process,  wherefore  the  time  is  a  factor  in  any 
test  run. 

The  extent  to  which  electric  zinc  smelting  has  become  a 
commercial  process  in  Scandinavia  is  surprising  to  those  who 
have  not  followed  the  progress  of  the  art  over  there.  Statistics 
show  that  Sweden  and  Norway  produced  6575  long  tons  of 
spelter  in  1911,  8000  tons  in  1912  and  17,000  tons  in  1913.  I 
am  unable  to  say  just  how  much  of  these  large  quantities  are 
due  to  the  electric  furnace,  but  I  surmise  the  larger  part,  if  not 
all,  of  it  to  be  so  attributable.  Nor  am  I  able  to  say  just  how 
much  of  this  electrically-smelted  spelter  is  derived  from  ore 
and  how  much  from  other  material.  However,  they  are  smelt- 
ing ore  and  in  the  aggregate  have  smelted  a  great  deal  more 
than  anybody  else  has  yet  done. 

In  the  Scandinavian  processes,  spelter,  matte  and  lead  are 
derived  from  the  same  furnace  and  from  the  same  operation, 
just  as  Mr.  Johnson  has  obtained  them  at  Hartford.  The 
troublesome  point  in  their  processes,  anyway  at  Trollhattan 
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and  Sarpsborg,  has  been  one  to  which  Mr.  Johnson  has  cor- 
rectly called  attention,  viz.,  the  production  of  an  excessively 
large  quantity  of  blue  powder  and  the  expense  involved  in  the 
resmelting  of  that  between-product,  which  goes  round  and  round 
in  an  endless  chain.  This  leads  us  back  to  a  primary  considera- 
tion, viz.,  the  quantity  of  power,  of  electric  energy,  that  must 
be  used  in  performing  the  process. 

In  the  smelting  of  ore  in  Sweden  and  Norway  the  power 
required,  according  to  information  that  comes  to  me,  is  from 
2000  to  3000  kw.-hr.  per  ton  of  roasted  ore.  In  the  smelting 
of  something  over  600  short  tons  at  Trollhattan  in  a  test  run, 
oflScially  reported,  the  use  of  power  was  2078  kw.-hr,  per  ton  of 
roasted  ore.  Consider  just  what  that  means.  At  $10  per  hp. 
per  annum,  the  use  of  2000  kw.-hr.  costs  $3.  Multiply  that 
figure  by  two  and  three,  respectively,  for  power  supply  costing 
$20  and  $30  per  hp.  per  annum.  These  factors  give  us  large 
figures  and  we  must  see  very  distinct  advantages  to  compensate 
for  them.  The  work  that  has  been  done  by  Mr.  Johnson  and 
others  has  been  directed  especially  to  the  study  of  ways  that 
would  reduce  the  power  consumption. 

In  Sweden  and  Norway  they  have  extraordinarily  cheap 
power,  much  cheaper  than  anything  we  know  of  in  America. 
In  spite  of  that  it  is  a  matter  of  official  record  that  up  to  last 
August  the  most  important  company  had  been  unable  to  realize 
a  profit  in  smelting.  It  is  certain  that  American  costs  applied  to 
the  Scandinavian  factors  would  not  permit  the  Scandinavian 
process,  or  processes,  to  be  successfully  introduced  here.  Mr. 
Johnson  has  just  informed  us  that  in  the  run  recently  made  at 
Hartford  the  power  consumption  was  about  1500  kw.-hr.  per 
ton  of  ore,  an  accomplishment  which  is  attributable,  in  a  large 
measure  anyway,  to  his  success  in  greatly  reducing  the  quantity 
of  blue  powder  that  must  be  resmelted.  As  an  offset  thereto 
there  are  costs  in  connection  with  the  preheating  of  the  charge, 
but  although  we  may  lack  the  data  to  strike  an  accurate  balance 
sheet,  we  may  reasonably  surmise  that  such  costs  are  materially 
less  than  the  costs  of  resmelting  blue  powder.  Consequently 
after  making  such  allowance,  we  may  consider  a  power  con- 
sumption of  only  1500  kw.-hr.  per  ton  of  ore  to  be  an  improve- 


Electric  Zinc-Lead  Smelting — Jghnson  125 

ment  on  Scandinavian  experience.  The  achievement  of  such 
a  result  leads  us  to  hope  that  something  better  may  be  realized. 
As  to  such  realization  and  the  formulation  of  any  safe  opinion 
respecting  the  commercial  advantages  of  electric  zinc  smelting 
as  contemplated  by  Mr.  Johnson,  we  shall  of  course  have  to 
wait  for  the  trial  of  the  process  upon  a  larger  scale  and  for  a 
longer  time  than  has  yet  been  attempted. 

Professor  A.  Stansfield;  It  is  now  fifteen  years  since 
my  attention  was  first  drawn  to  the  possibility  of  treating  these 
mixed  ores  of  lead  and  zinc  in  the  electric  furnace.  At  that 
time  the  electric  furnace  was  not  nearly  so  well  developed  as 
it  is  at  the  present  time,  and  we  are  now  in  a  much  better  posi- 
tion to  appreciate  the  great  value  of  the  electric  smelting  of 
zinc  and  lead  ores.  I  was  not  at  that  time  in  a  position  to  make 
any  experiments  of  importance  in  that  direction,  and  although 
I  have  recently  worked  on  this  problem  on  a  somewhat  smaller 
scale  than  Mr.  Johnson  I  have  not  had  the  success  which  he  has 
obtained  and  reported  to  us.  Although  I  regret  I  have  not 
myself  had  the  credit  of  bringing  these  things  to  a  satisfactory 
conclusion,  I  have  great  pleasure  in  learning  that  Mr.  Johnson 
has  been  so  successful  as  he  has  explained  to  us.  As  regards 
the  technical  points  raised  there  are  one  or  two  of  some  interest. 
The  first  is  the  great  importance  which  I  have  always  attached, 
and  which  he  has  also  found  necessary  to  attach  to  the  pre- 
heating, or  as  he  more  explicitly  terms  it,  the  pre-reduction  of 
the  ore,  whereby  the  reduction  of  the  iron  and  all  the  other 
oxides  that  can  be  reduced  at  low  temperatures  is  affected  before 
the  ore  enters  the  electric  furnace.  In  that  manner  the  amount 
of  carbon  gases  coming  off  from  the  ore  in  the  furnace  is  reduced 
to  the  lowest  possible  figure,  and  the  possibility  of  getting  a  satis- 
factory condensation  of  the  zinc  is  greatly  increased.  Mr. 
Johnson  in  some  of  his  earlier  patents  introduced  us  to  the  idea 
of  a  filter  of  carbon,  which  could  be  heated  electrically  for  re- 
moving any  COo  from  the  furnace  gases  on  their  way  to  the 
condenser  and  thus  preventing  the  oxidation  of  the  zinc  vapour 
and-  the  formation  of  blue  powder.  I  am  interested  to  learn 
from  him  that  this  method  is  not  now  found  to  be  necessary  in 
his  work.  Certain  difficulties  present  themselves  in  connection 
with  this.     If  the  filter  is  heated  electrically,  as  it  is  necesary 
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it  should  be  heated  owing  to  the  difficulty  of  heating  a  mass  of 
carbon  by  outside  heat,  there  is  the  danger  of  raising  certain 
parts  of  the  filter  to  a  very  high  temperature,  under  which  con- 
dition we  have  the  vaporization  of  carbon  particles,  and  per- 
haps other  substances,  such  as  silicon  if  the  carbon  is  not  pure 
material,  which  will  form  particles  in  the  floating  gases  and  will 
provide  the  zinc  mist  which  ultimately  leads  to  the  production 
of  the  blue  powder  to  which  attention  has  been  referred.  I  am 
glad  to  learn  that  this  filter  has  been  found  to  be  unnecessary, 
and  that  the  production  of  unoxidized  zinc  vapour  is  to  be 
effected  by  keeping  oxygen  out  of  the  furnace  rather  than  by 
neutralizing  it  with  carbon  after  the  smelting  has  been  effected. 
Our  experimental  work  at  McGill  University  was  carried  out 
with  pre-reduction  of  the  ore-charge  and  showed,  in  my  opinion, 
the  undesirable  features  of  the  carbon  filter.  \Yith  regard  to 
the  amount  of  electrical  energy  needed  Mr.  Johnson  expects  that 
we  shall  get  these  figures  down  to  about  1,000  kw.  hours 
per  ton  on  the  large  furnace  (for  all  purposes).  That  appears 
to  be  reasonably  in  line  with  the  figures  that  he  gave  us  of 
1,500  kw.  per  ton  in  the  case  of  a  furnace  of  about  70  killowat 
capacity.  That  figure  is  not  quite  as  low  as  I  had  hoped  and 
predicted  in  the  very  early  stages  of  my  association  with  this 
subject,  I  had  hoped  that  a  figure  of  700  or  800  kw.  hours 
might  be  obtained  for  the  smelting  of  low  grade  zinc  ores 
carrying  about  25  per  cent,  each  of  the  metals  lead  and  zinc. 

Mr.  W.  McA.  Johnson:  I  am  sure  we  shall  be  able  to 
reduce  the  figure  to  a  thousand  killowat  hours;  and  I  have 
every  reason  to  believe  that  in  the  larger  furnace  and  with 
better  methods  of  handling  it  will  be  possible  to  reduce  the 
total  electrical  energy  consumption  to  about  700  kw.  hours 
per  ton  of  ore. 

Professor  Stansfield;  If  these  figures  can  be  obtained 
in  practice  then  it  seems  to  me  Mr.  Johnson's  hopeful  position 
with  regard  to  the  commercial  basis  of  this  process  is  not  ill- 
founded. 

Mr.  Johnson:  I  may  say  that  the  value  of  the  charge  is 
about   fifty   to    seventy    dollars   per    ton.     Much   ore    of   this 
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character  is  at  prtvseiit  coiiiniercially  valueless  as  it  eaiinot  be 
profitably  smelted  atid  therefore  it  could  easily  stand  a  treat- 
ment charge  of  ten  dollars  a  ton.  The  question  of  power  con- 
sumption is  not  nearly  so  important  as  that  of  the  possibility 
of  employing-  I  he  process  ])ractically  and  commercially.  My 
contention  is  that  the  margin  is  so  great  that  if  we  can  carry 
out  the  process  jM-actically,  commercial  success  necessaril}' 
follows. 

Profp:ssok  Stansfielu:  (Communicated  to  the  Secre- 
tary) :  After  having  seen  Mr.  Johnson's  paper,  which  was  not 
presented  in  full  at  the  meeting,  I  would  like  to  make  one  or  two 
criticisms  or  requests  for  further  information. 

Mr.  Johnson  gave  a  comparison  between  the  cost  of  smelt- 
ing a  lead  ore  electrically  and  in  the  blast-furnace,  in  which  he 
charged  the  electric  process  with  20%  of  soft  coal  for  heating 
the  preheater,  and  100  kw.  hours  per  ton  of  charge  as  against 
15%  coke  in  the  blast  furnace.  Mr.  Johnson  has  apparently 
forgotten  to  charge  the  additional  15%  or  so  of  soft  coal  for 
rediicimj  reagent  in  the  preheater  and  he  gives  no  idea  of  his 
reason  for  taking  100  kw.  hours  per  ton  as  the  energy  re- 
quirement. Lead  ores  will  undoubtedly  need  less  energy  than 
zinc  ores  but  it  is  rather  a  large  jump  from  1500  kw.  hours 
used  in  his  experiments  to  100  k.w.  hours  used  in  the  calcula- 
tion of  costs.  It  may  be  mentioned  that  3  mills  per  kw.  hour 
corresponds  to  $19.50  per  e.hp.  year,  which  would  be  a 
reasonable  price,  but  no  allowance  has  been  made  for  the  cost 
of  electrodes,  which  would  exceed  the  cost  of  blast  for  the  blast 
furnace,  while  the  furnace  repairs  would  almost  certainly  be  in 
excess  of  the  depreciation  of  a  lead  blast  furnace. 

In  making  these  remarks  I  do  not  wish  to  in  any  way 
'knock'  the  electric  smelting  of  lead  and  lead-zinc  ores  as  I 
believe  under  favourable  conditions  it  will  prove  more  economi- 
cal than  existing  methods,  but  it  is  not  desirable  to  overlook 
imj)ortant  elements  of  cost  in  order  to  make  a  new  process 
api)ear  in  an  unduly  favourable  light. 
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Mr.  Johnson  :  (Communicated  to  the  Secretary)  : 
In  reply  to  Professor  Stansfield's  comment,  on  the  question  of 
smelting  lead  ores  in  the  electric  furnace,  I  beg  to  say  that  he 
has  evidently  erred  in  assuming  the  presence  of  zinc  oxide  in 
the  charge  for  the  electric  furnace  and  its  subsequent  reduc- 
tion, which  would  require  a  large  amount  of  electric  energy. 
This  assumption  would  be  true  for  electric  zinc-lead  smelting, 
but  is  not  true  for  electric  lead  smelting. 

Practically  no  reducing  agent  would  be  needed  in  smelting 
lead  ores,  because  the  roasted  ore  contains  enough  Pb  SO4  to 
react  on  the  Pb  S  according  to  the  well-known  'roasting  and 
reaction'  equation  :      (1)     PbS04  +  Pb  S  =  Pb  +  2  SO2. 

Any  zinc  present  in  the  roasted  ore  would  be  in  the  form 
of  zinc  oxide,  which  would  pass  off  in  the  slag  as  zinc  silicate. 
In  treating  lead  ores  there  would  be  no  pre-reducing;  merely 
pre-heating  of  the  roasted  ore.  Since  the  strongly  endothermic 
reaction  Zn  0-l-C  =  Zn  +  CO  would  not  occur  in  the  furnace, 
the  net  theoretical  heat  requirements  would  be  insignificant. 
Assuming  a  specific  heat  of  0.25  for  mass  (which  is  high)  we 
have:    1000  Kg  (1250-1000)  0.25  =  62,500  Cal.  heat  required. 

62,500^^^  g  K.W.H.  per  metric  ton. 
860 

2000 
72.6  X  =67.4  K.W.H.  per  short  ton. 

2204.6 

According  to  reactions  (1)  (2)  (3)  (4): 

(2)  X  CaO+ySi02  =  CaOxSi02y. 

(3)  x  FeO-f  ySi02  =  FeOxSi02y. 

(4)  X  ZnO+ySi02  =  ZnOxSi02y. 

heat  is  given  off  which  would  reduce  the  quantity  of  67.4  K.W.H. 
per  short  ton;  and  with  any  kind  of  a  thermal  efficiency  of  the 
electric  furnace  operation  the  actual  energy  requirement  would 
be  less  than  100  K.W.H.  per  short  ton. 
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The  preheating  could  be  conducted  at  a  final  temperature 
as  high  as  1050  degrees  C. 

In  my  original  paper  I  did  not  make  clear  the  fact  that  in 
electric  lead  smelling,  no  zinc  reduction  would  be  required.  I 
trust  that  this  point  has  now  been  clarified  sufficiently. 

The  question  of  cost  of  electrode  per  ton  of  ore  as  compared 
with  cost  of  blast  is  one  that  can  be  well  considered  only  as  a 
result  of  a  practical  trial.  My  endeavour  in  my  paper  was  to 
show  the  potentialities  of  electric  lead  smelting,  a  field  that  has 
not  been  even  considered  by  authorities.  That  this  potential 
field  is  a  large  one  is  plain  to  me  and  to  those  who  look  upon 
the  subject  from  a  like  viewpoint.  The  fact  that  a  wider  range 
of  slags  would  be  possible  in  an  electric  furnace  than  in  lead 
blast  furnace,  appeals  to  the  commercial  imagination. 


THE  PRODUCTION  OF  HEAT  IN  METALLURGICAL 

PRACTICE* 

By  Edward  Dyer  Peters,  Dorchester,  Mass, 


The  chief  item  of  expense  in  most  metallurgical  opera- 
tions where  a  high  temperature  is  required  is  the  cost  of  the 
fuel. 

In  the  metallurgy  of  copper,  to  Avhich  I  shall  restrict  my- 
self in  these  remarks,  this  great  item  of  expense  has  decreased 
in  a  striking  manner  during  the  past  40  years,  the  rapidity 
of  modern  smelting  and  the  ratio  of  ore  to  fuel  having  both 
improved  to  an  extent  that  no  metallurgist  of  the  preceding 
generation  could  have  anticipated. 

A  consideration  of  the  agencies  that  have  brought  about 
these  important  changes  for  the  better  will  not  only  possess 
historical  interest  for  the  student  of  metallurgy,  but  will  also 
form  the  only  sound  basis  on  which  to  plan  future  improve- 
ments in  the  same  direction. 

For  the  sake  of  brevity  I  will  limit  my  field  to  a  considera- 
tion of  the  reverberatory  smelting  furnace;  not  only  because 
this  type  of  furnace  is  best  suited  to  study  and  description, 
but  also  because  the  material  which  it  smelts  is  nearly  inert 
and  does  not,  therefore,  comi)licate  the  study  of  its  fuel- 
consumption,  as  does  the  active  suljjhide  material  smelted  in 
the  modern  blast-furnace  with  excess  of  air. 

The  reverberatory  smelting  furnace  had,  until  about 
the  year   1885,   its  prin(ii)al  development   in  Swansea,  Wales. 


*  Abslraci  of  an  adtlrcss   (Iclixcrcfl   at    tin-    Annual  Meeting,    Montreal. 
Mai-eli  4tli.  11)14. 
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An  examination  of  the  methods  of  melting  ores  practiced 
by  primitive  races  in  all  parts  of  the  world  shows  j)lainly  that 
the  blast-furnace  is  the  more  obvious,  natural,  and  general 
type  of  apparatus,  while  the  reverberatory  is  a  highly  arti- 
ficial and  specialized  structure,  demanding  peculiar  and  un- 
usual conditions.  This  seems,  at  first  glance,  to  be  a  curious 
and  anomalous  circumstance,  for  evolution  and  progress 
pursue  the  line  of  least  resistance,  and  it  would  appear  that 
the  blast-furnace,  which  demands  artificially  prepared  fuel, 
expensive  machinery  and  piping  for  its  blast,  a  power-plant 
to  produce  this  blast,  and  a  constant  generation  of  force  to 
keep  the  power-plant  in  action  must  necessarily  be  more 
expensive  to  construct  and  maintain,  more  costly  to  run, 
and  more  difficult  to  manage  than  the  apparently  simple 
reverberatory  which  uses  raw  fuel,  which  requires  no  blast 
nor  machinery,  and  which  carries  on  its  functions  in  an  access- 
ible and  clearly  visible  manner. 

Actual  experience,  however,  would  soon  correct  this 
superficial  judgment.  In  the  most  simple  form  of  the  blast- 
furnace— a  form  that  may  still  be  seen  in  Africa  and  other 
primitive  countries — there  is  no  machinery  and  no  forced 
blast,  the  combustion  of  the  fuel  being  often  effected  by  natural 
draft  alone.  The  substitution  of  forced  blast  always  comes 
later — generally  in  the  shape  of  rude  bellows  blown  by  hand 
or,  later  still,  by  water  power.  The  point,  however,  that  I 
desire  to  make  is  that  a  forced  blast  is  not  a  fundamental 
necessity  in  this  kind  of  smelting,  and  thus  does  not  handicap 
the  process  in  its  rudimentary  form. 

The  distinguishing  feature  of  the  blast-furnace,  then,  is 
not  that  it  is  necessarily  blown  by  a  forced  blast,  but  rather 
that  its  fuel  is  mixed  with,  and  lies  in  contact  with,  the  material 
which  is  to  be  melted,  and  thus  exerts  its  maximum  effect  upon 
the  individual  lumps  of  ore  rather  than  upon  the  walls  of  the 
furnace. 

The  reverberatory,  on  the  contrary,  is  an  apparatus  where 
we  burn  our  fuel  in   a  compartment  sejjarate  from  the  ore, 

(I) 
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and  then  guide  our  burning  gases  into  an  adjoining  compart- 
ment bounded  by  a  roof  and  two  sides  constructed  of  brick, 
and  a  bottom  formed  of  the  ore  to  be  smelted.  We  do  our 
best  to  produce  and  maintain  a  very  high  temperature  through- 
out the  whole  extent  of  this  latter  compartment,  and,  in  order 
that  the  bottom  (the  ore)  may  receive  the  high  temperature 
necessary  to  its  fusion,  we  have  to  subject  our  brick  roof  and 
sides  to  the  same  smelting  heat. 

Consequently,  the  reverberatory  demands  an  enormous 
amount  of  high-grade  refractory  material  for  its  construction 
as  well  as  for  its  maintenance.  This  is  mainly  fire-clay,  fire- 
sand,  ganister,  quartzite,  and  similar  substances,  and  is  found 
most  abundantly  and  obviously  in  regions  where  the  coal- 
bearing  formation  crops  at  the  surface.  Thus  the  variety  of 
fuel  suited  to  the  reverberatory  furnace,  and  the  materials 
required  for  its  construction  and  maintenance  are  likely  to 
occur  in  close  proximity. 

This  is  the  case  at  Swansea,  Wales,  to  a  marked  degree, 
and  the  proximity  of  a  good  harbor,  as  well  as  of  a  large  local 
supply  of  sulphide  ores  of  copper,  made  this  district  the  great 
reverberatory  smelting  center  of  the  world.  These  natural  ad- 
vantages, together  with  the  cheap  homeward-bound  freights 
which  induced  extensive  importation  of  foreign  copper  ores, 
gave  Swansea  such  an  unchallenged  supremacy  that  it  had  a 
tendency  to  deaden,  rather  than  to  stimulate,  improvements 
in  the  process  used.  The  furnaces  retained  their  small  dimen- 
sions, hand  labour  to  an  extreme  degree  was  practiced,  and 
the  whole  operation  of  smelting  remained  clogged  with  so 
many  systematic  interruptions  and  delays  that  the  maximum 
temperature — which  is  the  essence  of  the  reverberatory  smelt- 
ing process — could  be  maintained  only  for  a  small  proportion 
of  the  time. 

This  resulted,  of  course,  in  a  small  output  per  furnace, 
in  a  low  ratio  of  ore  to  fuel,  and  in  an  undue  amount  of  labour. 
Thus  the  cost  per  ton  of  ore  smelted  was  high,  and  would  have 
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been  enormous,  had  not  wages,  fuel,  and  refractories  been  so 
low  at  Swansea. 

Speaking  from  personal  observation  of  some  40  rever- 
beratory  smelting  furnaces — a  number  of  which  were  under 
my  own  control — I  do  not  believe  that  in  the  decade  1870- 
1880  we  averaged  smelting  more  than  12  tons  per  furnace 
per  24  hours.  In  order  to  accomplish  this  small  result,  I 
think  that  we  burned  at  least  6  tons  of  good  coal  (or  its  equival- 
ent in  wood),  thus  smelting  two  tons  of  ore  to  the  ton  of  coal. 

Before  examining  the  reasons  for  this  low  fuel-duty  and 
this  small  furnace-capacity,  it  will  make  matters  clearer  to 
establish  a  few  practical  principles  which  lie  at  the  foundation 
of  reverberatory  smelting,  and  which,  although  known  the- 
oretically during  those  earlier  days  of  which  I  am  speaking, 
were  not  acted  upon  in  the  practice  of  the  art. 

'First  Principle. — The  one  important  duty  of  the  rever- 
beratory smelting  furnace  is  to  generate  and  maintain  heat. 
Incidentally,  it  is  found  economical  also  to  use  the  reverberatory 
hearth  as  a  quiet,  highly-heated  locality  in  w^hich  to  allow  the 
matte  globules  to  separate  from  the  slag.  Incidentally,  also, 
it  forms  a  convenient  reservoir  in  which  to  accumulate  matte 
so  that  it  may  be  delivered  in  large  quantities  as  required  by 
the  converters. 

These  incidental  functions  of  the  reverberatory  are  ex- 
ercised without  disturbing  its  paramount  duty,  which  is  the 
production  and  maintenance  of  an  'exceedingly  high  tempera- 
ture. 

Second  Principle. — ^In  the  smelting  of  roasted  copper  ores 
in  the  reverberatory  furnace,  the  most  economical  and  ad- 
vantageous temperature  of  the  smelting-area  (the  portion  of 
the  hearth  adjoining  the  fire-bridge)  is  the  highest  temperature 
that  can  be  there  maintained  without  serious  damage  to  the 
enclosing  walls  and  roof.     Any  temperature  lower   than  this 
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standard  causes  a  loss  of  time  and  money  compared  with  the 
result  that  ought  to  be  attained. 

The  explanation  of  this  fact  is  that  the  sole  object  of  the 
modern  reverberatory  smelter  is  to  melt  the  earthy  consti- 
tuents of  his  ore  into  slag  which  shall  be  so  liquid  that  the 
globules  of  easily-fusible  sulphides  can  separate  and  sink  to 
the  bottom. 

The  heating  of  the  ore  in  the  reverberatory  hearth  is 
effected  by  radiation  and  absorption,  and  the  greater  the 
difference  in  temperature  between  the  highly-heated  radiating 
objects  (roof,  walls,  hearth,  fuel-gases)  and  the  comparatively 
cold  absorbing  substance  (ore),  the  more  rapidly  will  the 
latter  attain  the  heat  required  for  its  fusion. 

In  more  familiar  language,  "it  is  the  last  few  hundred 
degrees  of  heat  that  does  the  work." 

Assume,  for  instance,  that  it  requires  a  temperature  of 
1200°  C.  to  melt  an  ore  thoroughly,  and  to  superheat  the  re- 
sulting slag  sufficiently  for  its  further  handling.  It  is  evident, 
then,  that  so  long  as  the  temperature  in  the  hearth  remains 
at  1000°,  or  1100°,  or  even  1150°,  we  are  accomplishing  little 
in  the  way  of  active  smelting.  We  are  getting  ready  to  smelt 
and  to  make  a  profit ;  but  if  the  temperature  never  rises  above 
1150°,  we  shall  never  be  entirely  ready,  and  shall  never  make 
a  profit.  Our  profit  begins  to  materialize  when  we  reach  the 
1200°  mark. 

Consequently  it  is  perfectly  plain  that  the  main  object 
in  the  reverberatory  smelting  of  copper  ores  is  to  keep  our 
temperature  above  1200°  C.  (assuming  this  to  be  the  proper 
temperature)  just  as  much  of  the  time  as  is  feasible,  and  to 
let  it  sink  below  this  point  just  as  little  of  the  time  as  is  pos- 
sible. 

The  above  principles  were  more  or  less  clearly  apprehended 
by   thoughtful   metallurgists  40  years   ago,   or    more;   but   the 
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manner  in  which  reverberatory  furnaces  were  run  at  that  time 
and  the  apparent  impossibility  of  any  radical  improvements 
in  that  practice  prevented  absolutely  the  maintenance  in  the 
reverberatory  hearth  for  any  considerable  proportion  of  the 
time  of  our  assumed  temperature  of  1200°,  or  of  anything 
approaching  that  temperature. 

The  reasons  why  any  radical  improvement  in  this  un- 
satisfactory practice  seemed  to  be  impossible  must  be  under- 
stood clearly  before  we  can  appreciate  the  modern  method 
of  reverberatory  smelting.  That  is  to  say:  we  must  first 
realize  what  the  obstacles  were  before  we  can  appreciate  the 
means  that  have  been  employed  for  their  removal. 

In  the  first  place,  the  older  reverberatories  were  so  small, 
and  the  mass  of  glowing  fuel  in  the  fire-box  was  so  insignifi- 
cant, that  they  lost  heat  very  quickly  when  the  hearth  doors 
were  opened,  or  when  the  combustion  of  fuel  on  the  grate 
was  interrupted  by  barring  or  firing.  Much  the  same  condi- 
tions existed  as  may  be  seen  today  when  comparing  a  diminu- 
tive coal-burning  stove  with  a  very  large  one  burning  the  same 
class  of  fuel. 

Appreciating  then  the  fact  that  the  small  furnace  was 
unable  to  bear  cooling  influences,  or  irregularities  of  any  de- 
scription, it  becomes  plain  how  unfortunate  it  was  that  the 
smelting  process,  as  then  conducted,  contained  normally  a 
long  succession  of  cooling-influences  and  irregularities  that 
were  fatal  to  the  maintenance  of  a  temperature  approaching 
anywhere  near  1200° — this  being  the  temperature  that  we 
are  assuming  to  be  necessary. 

The  inevitable  result  was  that,  instead  of  being  pretty 
constantly  engaged  in  the  actual  smelting  of  ore,  most  of  the 
furnace's  time  was  taken  up  in  recovering  from  the  various 
cooling-influences,  and  in  getting  back  to  a  temperature  where 
some  real  work  could  be  accomplished. 

In  studying  the  average  reverberatory  practice  of  the  period 
to  which  I  refer,  I  used  to  estimate  that  three-fourths  of  the 
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time  of  the  furnace  was  spent  in  skimming,  tapping,  repair- 
ing, charging,  barring  the  grate,  and  in  raising  the  tempera- 
ture of  the  hearth  to  the  point  required  for  active  fusion. 
Thus,  only  one-fourth  of  the  time  of  furnace,  labour,  and  fuel 
was  employed  in  profitable  work,  whilst  the  remaining  three- 
fourths  of  the  time  was  expended  in  getting  ready  to  do  this 
work. 

This  made  the  capacity  of  the  furnace  very  small,  and 
the  smelting  costs  per  ton  of  ore  exceedingly  large. 

The  limitations  of  this  paper  forbid  so  full  a  discussion  of 
this  interesting  question  as  I  have  accorded  to  it  in  other  writ- 
ings. In  this  place  I  can  indicate  only  two  or  three  of  the  most 
important  measures  that  have  been  adopted  for  the  purpose  of 
eliminating  nearly  all  of  the  cooling  influences  and  constant 
interruptions  of  former  days,  and  of  maintaining  the  con- 
stant high  temperature  that  is  the  ideal  of  the  reverberatory 
smelter. 

Applying  in  practice  the  teachings  of  physics  that  the 
greater  the  difference  in  temperature  between  two  bodies 
the  more  rapid  will  be  the  absorption  of  heat  by  the  cooler 
substance,  we  have  designed  our  modern  furnaces  in  a  manner 
to  burn  their  fuel  with  extreme  rapidity,  and  thus  produce — 
not  merely  the  temperature  of  1200°,  which  we  must  have 
anyway  if  we  are  going  to  smelt  at  all,  but  a  degree  of  heat 
far  exceeding  this  required  temperature,  and  ranging  from 
1450°  to  1500°,  and  more. 

With  this  enormous  difference  in  temperature  between 
the  furnace  and  the  ore,  the  latter  absorbs  heat  with  extra- 
ordinary rapidity  and,  by  eliminating  nearly  all  of  the  inter- 
ruptions and  cooling-periods,  this  maximum  is  maintained 
without  break,  and  the  process  of  reverberatory  smelting 
becomes  practically  a  continuous  operation.  The  effective 
smel ting-time  of  the  furnace  is  raised  to  nearly  100  percent, 
instead  of  25  percent  as  was  formerly  the  case.  Thus,  instead 
of  a  temperature  of  perhaps  1200°  C.  for  25  percent  of  the  time. 
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we  now  have  a  temperature  of  say  1400°  for  almost  the  entire 
time. 

Returning  for  a  moment  to  the  former  practice,  we  find 
that  the  principal  interruptions  which  cooled  the  furnace  in 
a  manner  so  disastrous  to  the  smelting  process  were  of  three 
classes: 

1.  Operations  Connected  with  Charging  the  Furnace. — The 
fresh  charge  consisted  of  cold  ore  and,  even  if  dropped  from 
hoppers,  required  a  long  time  to  level  by  hand.  The  bottom 
(hearth)  was  already  cold  from  the  preceding  operations, 
and  the  opening  of  the  doors  for  the  spreading  of  the  charge 
reduced  the  temperature  to  a  point  that  now  seems  absurd. 

In  modern  practice  much  of  the  charge  usually  consists 
of  material  from  the  calciners  which,  although  cold  as  compared 
with  the  heat  within  the  furnace,  is  several  hundred  degrees 
hotter  than  the  temperature  of  the  air,  and  is  thus  already 
well  on  the  way  toward  the  fusion-point.  This  highly  heated 
material  is  dropped  through  hoppers,  not  upon  the  hearth  of 
the  reverberatory,  but  upon  the  deep  lake  of  melted  matte 
which  lies  permanently  upon  the  hearth.  The  hot  charge 
flattens  out  immediately  and  spreads  itself  completely  without 
a  door  being  opened  or  a  tool  introduced  into  the  furnace, 
and  in  a  few  minutes  incipient  fusion  becomes  apparent. 
Thus  the  delay  that  formerly  resulted  from  the  introduction 
of  a  fresh  charge  is  now  eliminated. 

2.  Operations  Connected  with  Securing  a  Complete  Fusion 
of  the  Charge  and  a  Thorough  Settling  of  the  Matte. — As  it  was 
the  former  practice  to  drop  the  fresh  charge  upon  a  comparative- 
ly cold  hearth,  and  as  the  hearth  was  still  further  chilled 
by  an  air  vault  underneath,  it  followed  that  the  only  effective 
heat '  that  the  ore  could  receive  came  from  the  flame  of  the 
fuel  passing  over  its  surface  ;  but  a  considerable  proportion 
of  the  heat  of  this  flame  had  to  be  given  to  the  cold  roof  and 
side-walls,  while  the  ore — being  a  poor  conductor — eft'ectually 
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blanketed   the  hearth   and  prevented   the  penetration   of  the 
heat  to  the  one  place  where  it  was  most  needed. 

Long  after  the  surface  of  the  fresh  charge  was  melted 
the  layer  next  the  hearth  remained  comparatively  unchanged, 
and  it  was  only  after  an  unreasonably  long  period  of  firing 
that  the  heat  finally  resolved  the  lower  layer  of  the  ore  into 
a  sticky  mass  that  could  be  torn  loose  by  the  rabble.  At 
length  a  partial  opportunity  was  afforded  for  the  matte  to 
penetrate  between  the  upper  surface  of  the  hearth  and  the 
lowest  stratum  of  the  ore,  and  float  the  latter  clear.  But, 
even  after  this  result  was  accomplished  and  the  furnace  had 
recovered  slowly  from  the  serious  cooling  occasioned  by  the 
manipulations  just  described,  the  smelting  of  the  charge  was 
far  from  being  complete. 

Every  metallurgist  knows  that  matte  globules  will  not 
settle  thoroughly  out  of  even  the  most  liquid  slag  so  long  as 
there  is  any  boiling  or  bubbling  going  on;  and  it  is  equally 
true  that,  until  the  last  fragment  of  the  sticky,  half -fused 
mass  that  was  freed  from  the  bottom  is  thoroughly  melted 
and  all  of  the  bases  and  acids  therein  have  satisfied  their 
affinities  completely,  there  will  be  a  constant  evolution  of  gases, 
causing  boiling  and  disturbance.  This  continues  for  a  long 
time  and,  during  all  that  period,  fuel  must  be  consumed  vigor- 
ously and  the  furnace-men  must  kill  time. 

In  modern  practice,  there  is  no  trouble  with  a  cold  bottom 
because,  as  already  explained,  the  bottom  consists  of  a  deep 
bath  of  superheated  matte,  which  prevents  the  fresh  charge 
from  ever  reaching  the  surface  of  the  sand-hearth,  and  which 
heats  it  almost  as  vigorously  from  below  as  do  the  fuel-gases 
and  the  intensely  hot  roof  and  sides  from  above.  In  an  extra- 
ordinarily short  space  of  time  the  freshly-dropped  ore  has 
become  pasty  and  capable  of  being  displaced  by  a  new  charge 
from  the  hoppers.  As  the  half-melted  ore  cannot  be  displaced 
toward  the  grate — on  account  of  the  bridge-wall — nor  lateral- 
ly— on  account  of  the  side-walls — it  has  to  float  towards  the 
skimming-door,  being  gradually  forced  along  by  the  dropping 
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of    successive    ore-charges    into    the    smelting    area    near    the 
fire. 

As  a  smelting  temperature  exists  throughout  the  entire 
length  of  the  furnace  (though  lessening  in  intensity  as  we 
recede  from  the  fii*e-box),  the  charge,  as  it  advances,  gradually 
melts  entirely,  completes  its  chemical  reactions,  and  still 
has  a  long  space  to  traverse  and  a  long  time  to  accomplish 
this  journey  before  it  reaches  the  skimming-door  at  the  end 
of  the  hundred-foot  hearth.  During  this  long  period  of  com- 
parative quiescence  at  a  temperature  ample  to  maintain  its 
condition  of  complete  liquidity,  it  has  a  most  favourable  op- 
portunity for  thorough  separation,  the  matte  globules  join- 
ing the  great  body  of  liquid  matte  with  which  the  hearth  is 
constantly  filled,  and  the  clean  slag  gradually  floating  forward 
toward  the  skimming-door. 

3.  Skimming,  Tapping,  and  Fettling  the  Furnace. — While 
the  older  metallurgists  recognized  clearly  many  of  the  great  ad- 
vantages to  be  gained  by  maintaining  a  permanent  body  of 
liquid  matte  upon  their  furnace-hearth,  they  were  unable  to 
accomplish  this  result  in  any  systematic  or  satisfactory  manner, 
because  the  furnace  walls  soon  became  corroded  at  the  slag- 
level,  and  the  matte  would  then  get  underneath  the  sand- 
hearth  or  cut  its  way  through  the  foundation-walls.  Conse- 
quently, the  hearth  had  to  be  tapped  clean  of  matte  every 
charge  or  two,  in  order  to  make  it  possible  to  fettle  the  cor- 
roded line  with  balls  of  clay  and  quartz.  This  operation  was 
slow  and  arduous,  and  cooled  the  whole  interior  of  the  furnace 
to  a  point  from  which  it  could  not  recover  without  long-con- 
tinued firing. 

A  satisfactory  description  of  the  means  employed  at  the 
present  time,  which  enable  us  to  maintain  a  permanent  bath 
of  100  tons,  or  more,  of  matte  upon  our  reverberatory  hearth 
without  the  least  danger  of  trouble,  and  which  permit  us  to 
keep  this  up  for  from  four  to  six  weeks  without  fettling,  would 
require  too  much  space.  The  literature  of  the  subject  ex- 
plains the  matter  fully.     I   will  say  only  that  the  most  im- 
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portant  influences  in  effecting  this  improvement  are:  better 
refractory  materials  and  better  and  stronger  construction  of 
furnace;  careful  planning  and  mixing  of  the  ore-charge  so  that 
the  resulting  slag  may  have  little  corrosive  action;  suitable 
shaping  of  the  area  of  junction  between  hearth  and  side- 
walls;  and,  sometimes,  introduction  of  silicious  ores  all  along 
this  area  at  frequent  intervals  of  time,  without  stopping  or 
cooling  the  furnace. 

These  are  some  of  the  more  important  of  the  changes 
that  have  been  made  in  the  reverberatory  furnace  to  suit  it 
to  modern  requirements.  Hand  in  hand  with  the  improve- 
ments in  construction  and  means  of  transportation  have 
come  the  improvements  in  the  actual  operation  of  the  process, 
which  is  now  practically  continuous. 

The  firing  is  accomplished,  without  affecting  the  con- 
tinuity of  the  smelting,  by  dropping  the  coal  upon  the  grate 
from  hoppers  and,  where  oil,  gas,  or  pulverized  coal  is  em- 
ployed, even  the  slight  momentary  irregularity  in  tempera- 
ture, due  to  the  sudden  introduction  of  a  large  quantity  of 
fresh  fuel,  is  eliminated. 

The  charging  and  automatic  levelling  of  the  ore  causes 
neither  delay  nor  cooling  beyond  the  normal  and  desired 
absorption  of  excess  heat  by  the  fresh  charge. 

The  slag  is  allowed  to  accumulate  for  several  hours,  and 
then  flows  off  by  its  own  gravity  in  quantities  of  30  or  40 
tons  without  interrupting  the  process. 

A  charge  of  seven  to  ten  tons,  or  more,  of  matte  is  tapped, 
whenever  it  is  required  by  the  converters,  without  affecting 
the  smelting,  and  without  diminishing  perceptibly  the  great 
bath  which  lies  permanently  upon  the  hearth. 

The  waste  gases  from  the  furnace  are  utilized  to  heat 
steam  boilers,  each  furnace  at  the  ^Yashoe  smelter,  for  in- 
stance, yielding  about  600  horse  power. 
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The  ratio  of  ore  to  fuel  is  4}/^  or  5  to  1,  and  the  average 
amount  of  charge  smelted  per  24  hours  in  a  19X110  foot 
hearth  is  about  260  tons  (of  2240  pounds),  rising,  in  some 
cases,  to  double  that  amount. 

The  practice  here  described  has  been  so  long  established 
in  North  America,  and  its  advantages  are  so  great  and  so 
obvious,  that  Americans  look  on  with  astonishment  at  the 
erection  today  of  small  reverberatories  by  great  companies  in 
various  parts  of  the  world. 


THE  VALUATION  OF  MINES. 


By  J.  D.  Kendall,  London,  England. 


Annual  Meeting,  Montreal,  March,  1914. 


Acceding  to  the  invitation  of  the  Secretary,  I  submit  for 
the  consideration  of  members  a  few  observations  on  the  more 
important  parts  of  this  subject. 

It  will  perhaps  be  well  to  begin  by  a  statement  as  to  what 
is  here  meant  by  'mines.'  The  word  will  be  used  not  merely 
to  express  a  hole  in  the  ground  or  a  number  of  such  holes,  but 
also  to  signify  the  ungotten  bodies  of  mineral  which  may  be 
worked  by  holes,  or  by  extensions  or  multiplications  of  such 
holes. 

Mineral  bodies  occur  in  many  different  forms  and  sizes 
and  under  a  great  variety  of  conditions.  It  may  therefore  be 
profitable  to  consider  briefly  some  of  the  more  prominent  of 
these  features  before  proceeding  to  deal  with  questions  of  value. 
Three  main  types  of  ore  deposits  have  always  appeared  to 
the  writer  to  emerge  from  their  ever  varying  forms  as  found  in 
solid  rocks.  These  are  (1)  Bed  and  bed-like  deposits;  (2) 
Veins  and  vein-like  deposits;  and  (3)  Irregular  shaped  de- 
posits. 

Hi 
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Deposits  in  the  Solid. 

1.  Beds  and  Bed-like  Deposits. — In  some  places  mineral 
deposits  are  found  as  beds,  like  coal  seams,  or  the  clay  band 
ironstones  of  the  carboniferous  coal  measures  of  Great  Britain, 
which  are  frequently  persistent  over  extensive  areas.  They 
are  fairly  uniform  in  thickness  and  are  interbedded  with  the 
associated  strata.  The  extension  of  some  of  these  ironstones 
although  interbedded  is  uncertain,  as  they  occasionally  turn 
into  limestone,  the  ironstone  being  clearly  a  replacement  de- 
posit. 

In  other  places  minerals  occur  as  bed-like  deposits,  and  are 
found  either  above  or  below  a  bed  plane  of  the  stratified  rocks, 
as  under;  or  along  a  plane  of  igneous  rocks  which  are  interbedded 
with,  or  have  intruded  between,  sedimentary  strata. 


(A)  Sandstone,  &c. 

(B)  Limestone 

(C)  Metallic  mineral  and  gangue 


If  the  strata  in  which  they  occur  are  tilted  or  bent  the 
ore  deposits  will  be  similarly  affected. 

These  deposits  are  younger  than  the  rocks  in  which  they 
occur.  They  are  not  interbedded,  have  invariably  been  formed 
by  replacement  and  frequently  include  masses  of  the  original 
rock.  As  a  rule  they  vary  much  in  thickness  and  often  occur 
interruptedly  along  the  plane  of  deposition,  as  shewn  above. 
In  plan,  they  are  very  irregular  in  form,  often  sending  out 
long  irregular  finger  like  projections  on  one  of  the  main  sets 
of  divisional  j)lanes  as  below.     They  are  not  interbedded  and 
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their    extension    laterally    is    most    uncertain.      Some    contact 
deposits  come  into  this  class. 


(A)  Country  rock 

(B)  Metallic  mineral  and  gangue 


2.  Veins  and  Vein-like  Deposits. — Ore  bodies  having  these 
forms  are  numerous.  In  veins,  the  ore  is  frequently  continuous 
for  workable  widths,  over  great  lengths.  In  other  cases  the 
workable  ore  occurs  interruptedly  in  chimneys,  shoots,  pockets 
or  lenses  of  various  sizes  and  forms  and  at  irregular  intervals. 
There  is,  however,  as  a  rule,  a  lead  of  ore,  much  less  in  width 
and  generally  of  inferior  quality,  connecting  the  wider  and 
richer  parts.  A  longitudinal  projection  of  part  of  a  vein, 
shewing  its  richer  and  poorer  portions,  is  given  below. 


(B)     Worked  part  of  Vein 

(A)     Poor  "      "     "      (not  worked; 
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Sometimes  the  workable  portions  are  much  more  regular 
and  have  ajdistinct  pitch  along  the  vein  as  below  :- 


(B)     Worked  part  of  Vein 

(A)      Poor  "      "     "       (not  worked) 


Veins,  in  most  cases,  occur  at  high  angles  and  intersect 
the  strata,  in  bedded  areas.  They  are  frequently  found  along 
lines  of  faulting.  In  some  cases  the  footwall  of  a  vein  is  a 
fault-plane.  In  others,  the  hanging  wall  has  that  character. 
The  opposite  wall  in  ekch  case  being  more  or  less  indefinite 
and  irregular,  so  that  the  vein  may  vary  a  good  deal  in  width. 
In  some  cases  both  the  hanging-wall  and  footwall  are  fault- 
planes.     The  downward  extension  of  veins  is  very  uncertain. 

When  veins  occur  in  alternations  of  limestones,  sandstone 
and  shale,  bed-like  extensions  in  the  hanging  or  footwall  are 
frequently  found  along  the  argillaceous  or  siliceous  roof  or 
floor  of  one  or  more  of  the  limestone  beds. 

Vein-like  deposits,  also,  cut  through  the  strata  in  bedded 
formations  and  likewise  occur  alongside  faults.  In  some  cases, 
especially  in  the  early  stages  of  development,  it  is  difficult 
to  say  whether  an  ore  body  is  a  vein  or  merely  vein-like.  As 
a  rule,  however,  the  latter  are  much  more  irregular  in  width  and 
less  persistent  both  longitudinally  and  vertically.  Being 
replacement  deposits  they  almost  always  include  portions  of 
the  original  rock.  Many  contact  deposits  belong  to  this 
class.  The  following  cross-section  may  be  taken  as  illustrative 
of  a  vein-like-,  ore  body : 
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(A)  Siliceous  Rocks 

(B)  Limestone 

(C)  Metallic  Minerals 


The  extension  downwards  or  along  the  fault-plane  length- 
wise can  never  be  depended  on  for  many  feet  ahead  unless  ad- 
vance borings  or  other  works  have  been  made,  and  not  even  then 
if  such  works  are  too  far  away. 

3.  Irregular  Shaped  Deposits. — Deposits  of  this  class  are 
numerous.  Irregularity  of  form,  both  vertically  and  horizon- 
tally, is  however  about  the  only  feature  common  to  them.  The 
shape  has  not  been  influenced  by  either  pre-existing  faults  or 
bed  planes  to  anything  like  the  extent  it  has  in  the  two  classes 
of  deposits  previously  noticed  although  they  may  lie  alongside 
both  for  relatively  short  lengths.  The  ore  in  them  appears 
to  have  been  deposited  mainly  along  the  divisional  planes  or 
joints  of  the  rocks  they  replaced.  A  horizontal  and  vertical 
section  of  one  of  these  deposits  are  given  below.  They  both 
shew  rock  inclusions. 


Horizontal  Section 
A 


(A)  Country  rock 

(B)  Metallic  mineral  and  gangue 

The  extent  of  these  bodies  either  laterally  or  vertically  is 
most  uncertain. 
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Deposits  in  Detrital  Matter. 

Alluvial  deposits  containing  gold,  or  gold  and  platinum, 
tin,  or  tin  and  wolfram  frequently  occur  on  the  sides  and 
bottom  of  valleys.  Towards  the  upper  end  of  the  valleys  the 
alluvium  is  thin  and  the  metals  and  metallic  minerals  which 
mainly  occur  in  paying  quantities  in  and  near  bedrock,  are 
easily  worked,  oj)en  diggings  being  sufficient  for  the  purpose. 
But  down  the  valleys  the  alluvium  gradually  increases  in  thick- 
ness, and  shafts  or  tunnels  become  necessary.  The  ground  has 
then  to  be  mined  and  tlicre  is  usually  a  large  quantity  of  water, 
in  the  gravel,  which  has  to  be  contended  with.  Sometimes,  as 
in  California,  the  alluvium  in  these  old  river  beds  is  covered  by  a 
great  thickness  of  volcanic  rock.  Under  any  of  these  con- 
ditions there  are  great  differences  in  the  metallic  yield  of  the 
gravel,  some  parts  being  very  rich,  whilst  others  are  too  poor 
to  pay  the  cost  of  working. 

In  some  cas«s  the  interstices  of  huge  masses  of  sand  and 
gravel  have  been  more  or  less  irregularly  filled  with  silicate 
or  carbonate  of  copper  in  paying  quantities,  but  some  parts  of 
which  are  much  poorer  than  others. 

Metallic  minerals  are  sometimes  found  associated  with 
detrital  rocky  matter,  a  few  feet  thick,  on  the  sides  and  tops  of 
elevated  ground  away  from  river  action.  These  deposits  have 
almost  certainly  resulted  from  the  decomposition,  in  situ,  of 
some  of  the  minerals  forming  rock  like  that  on  which  the  de- 
posits rest,  which  rock,  contains  grains  of  the  metallic  mineral 
found  in  the  detrital  matter,  the  decomposed  material  having 
been  removed  by  rain,  aided  to  some  extent  probably  by  wind. 
Different  parts  of  such  deposits  vary  greatly  in  the  value  of 
their  metallic  contents. 

A  More  or  Less  General  Feature  of  Mineral  Deposits. — 
Most  mineral  deposits  are  intersected,  more  or  less  frequently, 
by  faults  which  have  occurred  since  the  deposition  of  the  min- 
eral. Some  of  these  are  very  perplexing — especially  if  reversed 
— and  may  cause  a  great  waste  of  time  and  money,  when  not 

(J) 
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properly  understood.  Even  the  gravel  deposits  of  old  river  beds 
are  affected  in  this  way;  one  old  river  channel  in  California, 
with  which  the  writer  is  connected  professionally,  being  faulted 
three  times  in  about  500  yards  and  thrown  down,  at  two  of 
them,  on  the  upstream  side,  the  net  amount  of  downthrow  in 
the  upstream  direction  being  about  52  feet. 

Features  of  Certain  Kinds  of  Deposits. — Copper  deposits 
are  often  altered  for  some  distance  down  from  the  surface,  the 
copper  sulphides  of  the  original  ore  being  converted  into  higher 
sulphides  or  into  carbonates,  oxides  and  metallic  copper,  the 
iron  sulphides  into  limonite.  The  zone  immediately  below  the 
surface — the  zone  of  impoverishment — consists  largely  of 
limonite  in  which  metallic  copper,  melaconite  or  cuprite  may  be 
found.  Below  this — -in  the  zone  of  enrichment — we  find  less 
limonite  and  the  copper  minerals  may  be  malachite,  azurite  or, 
sometimes,  bornite  and  chalcocite.  Below  this  zone  is  the 
original  chalcopyrite.  The  depth  to  which  the  altered  zones 
extend  depends  largely  upon  the  form  of  the  surface  and  the 
ease  with  which  the  vadose  waters  can  circulate  through  the  ore. 
A  vein  occurring  in  a  domelike  hill  is  likely  to  be  altered  to  a 
much  greater  depth  than  one  occurring  in  a  valley  bottom,  or 
on  an  extensive  fiat,  other  things,  such  as  the  character  of  the 
enclosing  rock,  being  equal. 

If  the  copper  minerals  in  the  unaltered  part  of  a  vein  are 
accompanied  by  one  or  other  of  the  precious  metals  in  paying 
quantities  it  is  highly  probable  that  the  upper  or  oxidized 
part  of  the  vein  will  have  been  worked  either  as  a  silver  or 
gold  mine.  Examples  of  such  changes  are  to  be  found  at  Butte, 
Montana  and  Mount  Morgan  in  Queensland,  as  well  as  at  other 
places. 

Many  veins  which  were  worked  for  copper  for  a  con- 
siderable depth  from  the  surface  changed  into,  and  continued 
afterwards  to  be,  tin-bearing  veins. 

Some  deposits  of  galena  are  altered  to  cerussite  near  the 
surface  and  even  for  some  distance  from  'day'  as  at  Leadville, 
Colorado.     For  the  same  reason  they  are  seldom  accompanied 
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by  blende  near  the  surface,  but  in  dei)th  that  mineral  is  often 
more  abundant  than  the  galena,  the  blende  that  at  one  time  no 
doubt  existed  at  and  near  the  surface,  associated  with  the 
galena,  having  been  altered  to  a  soluble  salt  and  removed  by 
vadosc  waters. 

Veins,  vein-like  and  irregular  shaped  deposits  of  limonite 
as  well  as  highly  inclined  beds  of  that  mineral  often  change 
to  siderite  downwards,  the  depth  at  which  the  change  takes 
place  depending  to  a  large  extent  on  the  sectional  form  of  the 
surface  along  the  line  of  the  deposit  and  also  on  the  nature  of 
the  wallrocks.  Similar  changes  take  place  in  beds  of  limonite 
that  lie  at  a  low  angle  and  crop  out  at  the  surface.  The  point 
at  which  the  oxidation  begins  to  disappear  and  the  carbonate 
comes  in  being  determined  by  the  thickness  and  charactei  of 
the  overlying  strata. 

Veins  of  hematite  sometimes  change  in  depth  to  magnetite. 

Other  Considerations  Affecting  Value. — Some  veins,  after 
maintaining  a  fairly  uniform  width  for  a  considerable  depth, 
widen  suddenly,  becoming  it  may  be  twice  their  previous  width. 
Simultaneously  the  values  decline,  and  the  gangue  may  alter  its 
character.  Both  these  changes  may  have  a  serious  effect  on  the 
value  of  the  deposit.  One  of  the  most  striking  instances  of 
such  changes  that  has  come  under  the  writer's  notice  is  that 
which  took  place  in  a  copper  mine,  with  which  he 
was  professionally  connected.  From  the  surface  down 
to  about  780  feet  the  main  shoot  had  an  average  width 
of  about  52  feet.  It  then  began  suddenly  to  widen 
and  at  850  feet  its  average  width  had  increased  to  about 
90  feet.  Down  to  780  feet  the  ore  that  had  been  worked  was 
distinctly  basic  and  fairly  uniform  in  mineral  character.  Be" 
low  850  feet  it  became  less  and  less  basic  and  exceedingly  vari- 
able in  mineral  composition.  Above  780  feet  the  gangue  con- 
sisted of  pyrrhotite,  pyrite,  magnetite,  arenaceous  schists  and 
silica,-  the  most  abundant  of  the  metallic  minerals  being  pyr- 
rhotite, then  pyrite  and  lastly  magnetite.  Below  780  feet  the 
proportion  of  magnetite  greatly  increased  and  the  pyrrhotite 
diminished.      Moreover,     instead     of     the     different     metallic 
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minerals  being  distributed  uniformly  through  the  mass  as  in 
the  upper  part  of  the  vein,  the  magnetite  and  pyrite  occurred 
in  larger  masses  scattered  irregularly  through  the  argillaceous 
schists,  pyrrhotite  and  quartz,  so  that  it  became  most  difl&cult 
to  secure  a  uniform  furnace  charge  even  when  the  ore,  on  arrival 
at  the  surface,  was  bedded.  This  difficulty  was  accompanied 
by  a  serious  drop  in  the  copper  contents  below  the  780  feet 
level,  as  shewn  by  the  following  figures  relating  to  the  main 
shoot.     These  figures  were  derived  from  the  writer's  sampling: 

Average 
Depth  Copper  Contents 

Feet  % 

430  3 . 79 

528  3 . 73 

640  4 . 10 

750  4.93 

850  3 . 08 

1000  2.57 

Very  often  veins  and  other  ore-bodies  do  not  appear  at  the 
surface,  so  that  evidence  of  their  existence  can  only  be  obtained 
by  either  trenching,  boring  or  mining. 

The  irregularities  of  form  and  consequent  uncertainty  of 
extent  combined  with  the  liability  to  change  in  grade  and  min- 
eral character  above  referred  to  present  by  far  the  greatest 
difficulties  that  have  to  be  contended  with  in  mine  valuation. 
If  an  estate  of  land,  or  a  block  of  dwelling  houses,  or  a  railway, 
or  a  smelter  have  to  be  valued,  they  can  be  seen  and  their 
extent,  as  well  as  their  general  and  particular  conditions,  ex- 
amined and  studied  in  minute  detail.  It  is  not  so  with  a 
mine.  In  probably  a  majority  of  cases  the  major  part  of  a 
deposit  to  be  valued  cannot  be  seen  and  very  little  is  known 
tawt  it  in  consequence  of  the  inadequancy  of  development 
hbou.  In  such  circumstances  one  frequently  finds  that  valuers 
worklively  fancies,  ignoring  the  known  irregularities  and  un- 
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certainties  in  the  behaviour  of  mineral  deposits,  make  the  most 
astounding  statements  as  to  what  they  call  'ore  in  sight,'  but 
which,  it  is  soon  seen,  is  nothing  more  than  'ore  in  imagination.' 

Twelve  years  ago  the  writer  communicated  to  the  Institute 
of  Mining  and  Metallurgy  in  London  a  paper  on  'ore  in  sight' 
in  which  an  endeavour  was  made  to  shew  the  unreliability  of 
estimated  quantities  which  included  ground  that  had  not  been 
adequately  explored.  The  paper  was  discussed  at  great  length 
and  the  Council  afterwards  issued  to  members  of  the  Institute, 
inter  alia,  the  following  recommendation: 

"In  making  use  of  the  term  'ore  in  sight'  an  engi- 
neer should  demonstrate  that  the  ore  so  determined 
is  capable  of  being  profitably  extracted  under  the 
working  conditions  obtaining  in  the  district." 

This,  of  course,  he  cannot  do  unless  the  ore  be  blocked  out. 

In  view  of  the  great  uncertainty  as  to  the  extent  and 
character  of  ore  deposits,  above  referred  to,  I  think  it  may 
safely  be  asserted  that  the  'present  value'  of  a  mine  depends 
almost  entirely  upon  its  'ore  in  sight,'  in  other  words  upon  the 
'  ore  blocked  out.'  Beyond  that  there  is  of  course  '  ore  probable ' 
and  some  writers  talk  of  'ore  possible.'  The  present  value  of 
'ore  probable'  is  very  uncertain  and  varies  inversely  with  the 
length  of  time  that  must  elapse  before  it  can  be  worked.  That 
is  so,  of  course,  with  all  ore,  but  in  the  case  of  'ore  probable,' 
there  may  be  a  large  body  of  'ore  blocked  out'  which  has  to  be 
worked  first,  and  therefore  the  annuity  to  be  derived  from  the 
'ore  probable'  may  be  subject  to  several  years  deferrence, so 
that  after  allowing  a  proper  amount  for  redemption  of  the 
capital  sunk  in  purchase  and  development,  as  well  as  a  rate  of 
interest  to  a  purchaser  suitable  to  the  risk,  the  'present  value' 
may  be  very  small.  For  like  reasons  'possible  ore'  is  not 
worth  considering  in  determining  present  cash  values.  Should 
the  'ore  probable'  prove  to  be  much  larger  than  the  estimate, 
the  vendor,  who  asks  for  immediate  cash,  probably  does  not 
get  all  he  is  entitled  to,  but  that  does  not  justify  such  a  method 
even  from  the  purchaser's  point  of  view. 
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Both  'probable  ore'  and  'possible  ore'  are,  in  the  writer's 
opinion,  best  dealt  with  by  deferred  payments,  either  on  period- 
ical estimates  of  further  quantities  blocked  out  after  the  initial 
purchase,  or  by  a  royalty  per  ton  of  ore  extracted.  Both  these 
methods  are  perfectly  fair  to  the  vendor,  whilst  they  prevent 
the  purchaser  running  risks  that  are  altogether  unnecessary 
and  which  are  exceedingly  dangerous — sometimes  ruinous. 
It  may  be  said,  of  course,  that  unless  such  risks  are  run  many  a 
good  property  would  be  missed.  This  is  quite  true,  but  it  is 
also  perfectly  clear  to  the  writer  that  if  such  risks  are  run  many 
a  mine  would  be  bought — as  has  been  the  case  in  the  past — 
that  was  not  worth  anything  like  the  money  paid  for  it.  Surely 
it  is  far  better  to  miss  many  good  mines  than  get  into  one  bad 
one.  Besides  it  is  to  be  borne  in  mind  that  it  is  really  the 
purchaser  who  fixes  the  price  ultimately,  so  that  if  no  one  would 
pay  spot  cash  for  'ore  probable'  it  would  doubtless  be  possible 
ere  long  to  buy  such  ore  in  every  case  on  deferred  payments,  as 
indicated  above.  Royalities  have  long  been,  and  still  are,  a 
common  mode  of  payment  in  some  districts,  but  in  countries 
where  that  custom  does  not  prevail  it  is  difficult  to  introduce  it. 
It  is  also  difficult  to  introduce  deferred  payments  on  periodical 
estimates  of  'oreb  locked  out.'  Vendors  in  such  countries 
prefer  to  see  cash  against  documents,  leaving  the  purchaser  with 
all  the  risk  that  necessarily  attaches  to  estimates  of  quantity 
based  on  assumed  dimensions.  Purchasers  should  decline  to 
deal  on  any  such  terms.  If  a  property  contains  only  20,000 
tons  of  ore  a  vendor  cannot  complain  if  he  is  only  paid  for  20,000 
tons,  although  he  may  have  based  his  selling  price  on  500,000. 
The  writer  has  known  a  mine  sold  on  a  statement  that  there  were 
'650,000  tons  of  ore  thoroughly  proved'  and  when  41,879  tons 
had  been  worked,  the  known  ore-body  in  the  property  in  ques- 
tion, was  practically  exhausted.  The  'thoroughly  proved' 
ore  was  at  the  best  only  'ore  probable';  it  was  not  blocked  out. 

With  regard  to  the  'ore  probable'  of  many  reports  the 
writer  has  no  hesitation  in  saying  that  it  is  only  'ore  possible' 
or  in  other  words  only  an  index  of  the  strength  of  the  valuer's 
imagination. 

In   the   above   remarks   'ore   in   sight'    may   be   taken   to 


The  Valuation  of  Mines — Kendall  153 

include  coal.  Although  that  mineral  occurs  in  such  a  way 
that  its  extent  is  more  easily  determined  than  that  of  other 
mineral  deposits,  yet  it  is  necessary  that  a  field  shall  have  been 
properly  explored  by  boring  or  otherwise  before  a  reliable  esti- 
mate of  its  value  can  be  formed.  Seams  may  be  cut  out  by 
faults  or  uncomformities,  and  partings  which  are  of  little 
moment  in  one  part  of  a  field  may  expand  in  another  until  the 
value  of  a  seam  is  greatly  reduced  or  vanishes  altogether. 

Hitherto  the  questions  dealt  with  have  mainly  related  to 
the  quantity  of  ore.  The  equally  important  one  of  quality 
may  now  be  referred  to.  Quality  to  a  large  extent,  is  inde- 
pendent of  quantity,  but  it  is  often  found  that  ore  along  the 
outer  and  inner  margins  of  a  deposit  is  poorer  than  that  a  foot  or 
two  away  from  them.  In  such  cases,  therefore,  the  wider  a  deposit 
is,  the  less,  other  things  being  equal,  will  be  the  proportion  of 
inferior  ore.  In  order  to  determine  the  average  of  the  different 
payable  qualities  in  a  mineral  deposit — one  of  the  most  essential 
factors  in  mine  valuation — it  is  necessary  that  the  deposit  shall 
be  opened  up  to  such  an  extent  as  to  afl^ord  a  general  idea  of  the 
inner  nature  of  that  part  of  it  for  which  it  is  proposed  to  pay 
cash. 

As  it  is  always  possible  that  'ore  probable'  may  be  of 
less  value  than  that  blocked  out — on  which  the  present  value 
of  the  mine  is  based — the  rate  to  be  paid  for  further  ore  blocked 
out  should  be  fixed  with  regard  to  quality. 

The  determination  of  quantity  and  quality  are  of  the  first 
importance,  as  on  them  hang,  to  a  large  extent,  the  further 
factors  of  working  cost  and  selling  price. 

As  a  corollary  from  the  foregoing  it  is  clear  that  all  valua- 
tions should  be  based  on  data  derived  from  accurate  assay  pro- 
jections— horizontal  and  vertical. 

There  remains  to  be  noticed  the  interest  to  be  allowed  to  a 
purchaser  and  the  amount  to  be  set  aside  for  redemption. 
Even  for  'ore  blocked  out'  the  rate  should  never  be  less  than  12 
per  cent,   and  might  have  to  be  made  25  per  cent,  or  more. 
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depending  on  the  mining  and  commerical  risks.  In  mines 
liable  to  gas  explosions  or  to  sudden  inrushes  of  water,  or  to 
numerous  and  serious  labour  troubles,  or  to  damage  from 
revolutionists,  or  in  which  the  mineral  produced  is  liable  to 
unusual  fluctuations  in  price,  a  rate  of  interest  to  a  purchaser 
that  is  commensurate  with  the  greater  risk  must  be  allowed. 
The  rate  allowed  on  amounts  set  aside  for  redemption  should 
be  that  of  gilt  edged  securities — say  33^2  or  4  per  cent.  The 
writer  would  not  have  thought  it  necessary  to  mention  these 
rates  had  he  not  seen  reports  on  mines,  in  which  there  was  not 
any  ore  blocked  out,  that  allowed  only  11  per  cent,  to  the  pur- 
chaser, without  any  special  allowance  for  redemption.  As  the 
latter  allowance  may,  in  some  cases,  be  as  large  or  larger  than 
the  aggregate  of  the  interest  allowed  to  a  purchaser  and  ought 
always  to  be  a  primary  consideration,  the  omission  to  provide 
for  it  is  very  serious. 


FACTORS  INFLUENCING  THE  COST  OF  POWER. 

By  J.  McNeil  Forbes,  Montreal.  Quo. 

A)inual  MectiiiQ,  Montreal.  Marcli  I'.iVt. 


Fundamentally,  the  ideal  mining  ])lant  is  one  which  will 
recover  and  treat  the  total  mine  resources  at  a  minimum  cost 
per  unit  of  energy  transformed.  It  sometimes  happens  that 
an  effort  to  obtain  a  minimum  production  cost  per  H.P.  per  annum 
has  led  to  the  installation  of  a  power  plant  wdiich  does  not 
conform  to  the  ideal.  Power  is  the  rate  at  which  energy  is 
being  transformed;  it  therefore  includes  time.  Power  multi- 
plied by  time  equals  energy.  The  British  thermal  unit  is  the 
unit  which  represents  the  amount  of  energy  required  to  raise 
one  pound  of  water  one  degree  Fahrenheit.  It  is  equivalent 
to  788.1  ft.  pounds.  The  practical  unit  of  energy  is  the  H.P. 
hour  or  K.W.  hour.  Inasmuch  as  the  distribution  of  power  is 
usually  best  obtained  by  electrical  methods,  it  may  be  more 
convenient  to  consider  the  power  as  being  in  the  electrical  form. 
The  practical  unit  of  electrical  energy  is  the  K.W.  hour  which 
equals  3411  B.T.U.     A  H.P.  hour  equals  .746  of  a  K.W.  hour. 

For  the  purpose  of  simplicity  we  may  consider  that  the 
total  energy  to  be  transformed  on  a  particular  mine  is  repre- 
sented by  XY  K.W.  hours.  X  being  the  number  of  tons  mined 
and  treated  and  Y  the  number  of  K.W.  hours  required  per  ton, 
This  presents  a  very  concrete  proposition.  Since  power 
includes  time,  directly  the  rate  has  been  decided  at  which  it 
is  desired  to  transform  XY  K.W.  hours,  the  average  K.W. 
required  has  also  been  decided. 

XY  K.W.  hours 

K.W.  average  =  — ; 

Working  hours 

155 


156       Factors  Influencing  the  Cost  of  Power — Forbes 

This  would  be  the  eflfective  K.W.  required,  provided  the  plant 
were  operated  continuously  with  a  full  load  for  the  number  of 
hours  used  in  this  formula.  It  is  then  a  matter  of  choosing  a 
power  plant  which  will  develop  the  required  effective  K.W. 
under  the  conditions  laid  down  in  the  first  statement,  viz.: 
that  the  cost  per  unit  of  energy  transformed  shall  be  a  minimum. 
The  cost  per  unit  of  energy  transformed  maj'  be  subdivided 
briefly  as  follows: 

(1)  Production  Cost; 

(2)  Investment  Cost; 

(3)  Administration  Cost. 

In  order  that  we  may  approximate  as  closely  as  possible  the 
ideal  mining  power  plant,  the  following  governing  factors  are 
briefly  reviewed: 

(1)  Probable  life  of  the  mine. 

(2)  Probability  of'^change  in  the  rate  of  recovering  the  ore. 

(3)  Continuity  of  mining  operations,  due  to  possible  market 

complications  or  other  causes. 

(4)  Nature  of  the  power  plant  load. 

(5)  Effect  of  breakdowns  of  the  power  plant  chosen. 

(6)  The  most  suitable  power  plant  having  been  selected, 

do  financial  conditions  justify  its  installation? 

Circumstance  1.  Probable  Life  of  Mine. — This  is  a  most 
important  factor  inasmuch  as  it  introduces  the  time  element 
and  therefore  decides  the  rate  at  which  energy  will  be  trans- 
formed, i.e.,  the  average  H.P.  required  for  the  mine.  This  is 
usually  an  indeterminate  factor,  so  that  before  deciding  on  any 
power  plant  the  mine  manager  must  decide  for  himself  the 
work  to  be  done  and  the  rate  at  which  is  shall  be  performed. 
It  has  been  assumed  so  far  that  the  work  would  be  done  at  a 
uniform  rate  which  would  represent  the  selection  of  a  power 
plant  of  the  minimum  size.  To  obtain  this  in  mining  practice 
is  not  possible.     Hence,  "Circumstance  2"  must  be  considered. 

Circumstance  2. — It  is  necessary  to  look  into  the  future  as 
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far  as  possible  ami  to  decide  definitely  whether  the  rate  of 
production  of  the  mine  is  likely  to  change.  Such  a  change 
would  necessitate  that  the  power  plant  be  larger  than  normal. 
From  a  power  standpoint  steady  production  is  an  essential. 

Circutihstaucc  -L — It  is  conceivable  that  market  complica- 
tions or  other  causes  may  result  in  a  temporary  suspension  of 
mining  operations;  consefpiently  under  favourable  conditions 
energy  will  have  to  be  transformed  at  a  higher  rate  than  the 
average  so  as  to  take  advantage  of  the  favourable  circum- 
stances.    This  means  a  still  larger  power  plant. 

Circumstance  4- — ^The  ideal  plant  presupposes  that  the 
load  is  constant.  It  is  the  aim  of  every  manager  to  approxi- 
mate this  condition  as  nearly  as  is  possible.  If  a  power  plant 
has  to  'take  care'  of  widely  fluctuating  loads,  the  cost  per  unit 
of  energy  transformed  is  bound  to  be  adversely  affected. 

Circumstance  5. — The  ideal  plant  is  supposed  never  to 
break  down.  The  actual  plant  does  break  down.  The  shutting 
down  of  the  plant  itself  may  cause  serious  losses  which  must  be 
charged  against  the  cost  of  a  unit  of  energy  transformed.  As 
the  effect  of  the  breakdown  in  the  power  plant  becomes  more 
serious,  the  justification  for  expenditure  to  minimize  this  effect 
becomes  greater. 

Circumstance  6. — Having  decided  upon  a  plant  which 
approximates  the  ideal  as  closely  as  possible,  it  may  be  that  the 
cost  of  this  plant  will  seriously  strain  the  financial  resources  of 
the  company.  One  could  scarcely  advocate  an  ideal  plant 
which  absorbed  the  major  part  of  the  capital  of  the  company 
and  left  little  for  contingencies. 

In  the  selection  of  a  power  plant  all  the  above  'circum- 
stances' should  be  given  careful  consideration.  The  problem 
is  by  no  means  an  easy  one  and  at  best  the  ideal  can  only  be 
approximated. 

So  far  we  have  considered  the  cost  of  power  for  mining 
purposes  from  a  broad  basis.     The  application  of  underlying 
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principles  may  now  be  considered  more  closely.  We  are  usually 
confined  to  one  of  the  following  types  of  power  plants  for  the 
transformation  of  energy: 

(a)  Steam  power  with  direct  or  electrical  distribution. 

(b)  Internal  combustion  engines  with  direct  or  electrical 

distribution. 

As  a  general  proposition  in  mining,  electrical  distribution, 
on  account  of  its  superior  flexibility,  is  preferable  to  mechanical 
transmission  and  it  is  the  writer's  opinion  that  more  attention 
should  be  given  to  this  type  of  plant  whenever  the  requirements 
exceed  200  K.W.  Generally  speaking,  for  a  small  plant,  if  the 
load  is  a  violently  fluctuating  one,  the  electrical  form  of 
distribution  should  only  be  adopted  after  careful  consideration. 

In  reference  to  the  subdivision  of  cost  per  unit  of  energy 
transformed,  production  cost  includes  fuel,  lubricants,  water, 
supplies,  repairs  and  wages.  Investment  cost  includes  interest, 
taxes,  insurance  and  amortization.  Administration  cost  repre- 
sents the  salaries  of  officials  and  office  expenses  in  general. 

In  investigating  the  different  items  which  compose  the 
total  cost  per  unit  of  energy  transformed,  it  is  impossible  within 
the  scope  of  this  paper  to  analyse  the  variations  in  different 
types  of  plants.  A  1000  K.W.  steam  plant  is  here  considered  in 
detail.  The  method  adopted  in  analysing  this  plant  may  be 
used  in  the  consideration  of  others. 

Production  Cost. 

The  production  cost  may  be  subdivided  into  fuel  cost  and 
operating  cost  (including  repairs). 

Fiiel  Cost. — This  depends  primarily  on  the  thermal  efficien- 
cy of  the  plant  and  on  the  price  of  the  fuel.  The  following 
table  gives  an  idea  of  the  efficiency  which  may  be  obtained  in 
different  types  of  plants: 

Reciprocating  engines,  condensing 7.65% 

High  pressure  steam  turbines 8.3   % 
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Reciprocating    engines    and    exhaust    steam 

turbines [ 9.7  % 

Internal  combustion  engines 19       % 

These  efficiencies  may  be  obtained  in  a  well  conducted  moderate 
sized  plant  at  50%  load  factor. 

Steam  Plants  in  Detail. — Boiler  efficiency  full  load  70%, 
half  load  65%.  Allowance  for  leakage  and  auxiliaries  at  full 
load  10%,,  at  half  load  15%. 


Coal  at  Full 

Load    per 

K.W.Il. 

12,500 

B.T.U. 

per  Lb. 

Water  Rate 

per  K.W.H. 

Full  Load 

Efficiency 

Plant 

Half 
Load 

Full 
Load 

(1)    Small,     Simple     non-con- 
densing 

5.44   lbs. 

36.3  lbs. 

3.7 

5 

(^)    1000      K.W.      Compound 
Conden.sing,     150     lbs. 

gauge     pressure,     28" 
vacuum,    no    .superheat 

2.85    " 

19 

7 .  65 

9.6 

(3)   Steam    Turbines,    750 

K.W.,    150    lbs.    gauge 
pressure,    28"    vacuum, 
no  superheat. 

2.G5    " 

17.7    " 

8.3 

10.3 

(4)   Reciprocating        Engines 
and      Exhaust      Steam 
Turbines,        150       lbs. 
gauge    pressure,    283^" 
vacuum,   no  superheat. 

2.28    " 

15.3    " 

9.7 

12 

(5)   Large    Turbines,    5000 

K.W.,    185    lbs.    gauge 
pressure,  283'2"  vacuum 
superheat  150°. 

2.44    " 

15.2    " 

9.5 

11.2 

(G)    Large      Turbines      10,000 
K.W.,    gauge    pressure 
200    lbs.,    281^"    vacu- 
um, 200°  superheat. 

2.2      " 

13.4    " 

10.0 

12.4 

To  find  the  cost  of  coal  per  K.W.H.  for  plant  (2):  It  is  known 
that  the  efficiency  at  half  load  is  7.65;  if  the  yearly  load  factor 
of  the  plant  is  50%,  this  figure  will  be  fairly  close  lo  the 
obtainable  yearly  efficiency.     Thus: 
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Coal  12,500  B.T.U.  per  pound  (5.  $5.00  per  ton. 

1  K.W.H =3411  B.T.U. 

Effective  B.T.U.  per  pound  of  coal . .  .  .  =  12,500  x  .0765 

=  960  B.T.U. 
3411 

Therefore,  pounds  of  coal  per  K.W.H. .  = =  3  .  42  lbs. 

960 
3.42  X  500 

Cost  of  fuel  per  K.W.H = =  .852c. 

2000 
The  cost  of  coal  per  K.W.H.  for  any  of  the  other  plants  may  be 
similarly  calculated. 

Operating  Cost 

This  item  which  includes  repairs,  will  be  considered  only 
from  the  view  point  of  the  operation  of  mining  plants,  which 
keep  practically  the  same  operating  staff  whether  the  load  factor 
be  30%  or  60%,  since  the  load  fluctuations  on  such  plants  occur 
within  short  intervals  of  time.  Load  factor  equals  average 
load  divided  by  maximum  demand.  A  plant  of  1000  K.W.  at 
100%  load  factor  can  deliver  during  a  working  year:  313  days 
X  24  hours  x  1000  K.W.,  which  equals  7,512,000  K.W.H.  A 
recording  wattmeter  gives  this  station's  yearly  output  at  3,756,- 
000  K.W.H's. 

3,756,000 
Load  factor  = =  50% 

7,512,000 
A  close  calculation  of  the  operating  charge  can  be  made  for 
any  particular  plant.  In  the  station  under  consideration  this 
charge  should  not  vary  greatly  from  .35c.  per  K.W.H.  In 
large  stations  of  20,000  K.W.  capacity  and  greater  the  operating 
cost  exclusive  of  fuel  may  be  as  low  as  .19c.  per  K.W.H.  Accur- 
ate figures  for  internal  combustion  engine  plants  are  exceedingly 
hard  to  obtain.  For  large  gas  engine  plants  some  authorities 
quote  a  cost  of  .25c.  per  K.W.H.  The  maintenance  charge 
on  gas  engine  plants  is  declining,  and  in  the  near  future  we 
may  expect  that  the  gas  engine  will  have  a  reliability  approach- 
ing that  of  the  steam  engine  of  today. 

The  importance  of  a  high  load  factor  is  shown  by  the  follow- 
ing comparisons  of  operating  costs. 
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25%        50%        100%       load  factor 
Oporatinji  ('osls  (no  fiu'l) 
1 000  K.W.  SI  at  ion  in  cents 

per  K.W.I  1 05  .35  .20 

Investment  ('ost. 

Wc  will  now  consider  for  a  moment  the  effect  of  the  in- 
vestment charge  on  the  cost  per  K.W.H.,  assnming  that  our 
1000  K.W.  plant  has  been  built  at  a  cost  of  $100.00  j)er  K.W., 
and  that  the  probable  life  of  the  plant  is  ]()  years: 

Investment  ( liargcs: 

(1)  Interest 5     % 

(2)  Amortization  at  5%  compound  interest        8      % 

(3)  Taxes  and  insurance 1/^% 

Total 143^%  i)er  annum 

Then  each  year  there  must  be  charged  against  the  energy  gen- 
erated 14}/^%  of  the  total  cost  of  the  phmt.  Assuming  again 
a  k)ad  factor  of  100%: 

$14.50 

Investment  cost  per  K.V\.ii.= = 

313  days  X  24  hrs.       ^•^^•^• 

If  the  load  factor  is  only  50%,  this  charge  becomes  .386c. 
per  K.W.H.;  at  25%  load  factor  it  becomes  .772c.  per  K.W.H. 
Again  the  extreme  importance  of  operating  a  plant  at  as  high  a 
load  factor  as  is  possible  will  be  noted. 

Administration  Cost. 

This  should  be  small  for  a  1000  K.W.  mining  plant,  and 
should  not  exceed  $500.00  which  equals  .0133c.  per  K.W.H. 

Summary. 

A  1000  K.W.  plant,  compound,  condensing,  150  lbs.  guage 
pressure,  28"  vacuum,  no  superheat;  cost  $100.00  per  K.W\; 
coal,  $5.00  per  ton  of  2000  lbs.  and  12,500  B.T.U.  Load  factor 
50%,  corresponding  to  an  overall  thermal  efficiency  7.65% 
(see  table). 

Fuel  cost 852 

Operating  cost 350 

Investment  cost 386 

Administration  cost 0133 

Total 1 .6013  cents  per  K.W.hour 
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Analysis  of  Result. 
Cost  equals  1.6013  cents  per  K.W.  hour. 

Cost  of  running  plant  for  one  year=  1.6013c.  x  313  days  x 
24  hrs.  X  .5  load_factor  x  1000  K.W.  -$60,000  (round  figures). 

Therefore:  cost  per  K.W.  year  (plant  capacity)  =$60 

cost  per  H.P.  year  (plant  capacity)  =$4'4.76 

If  the  thermal  efficiency  of  this  plant  declines  to  3.8^,  the 
cost  per  H.P.  year  equals  $68.50. 

The  following  curves  are  instructive  as  showing,  with  a 
badly  loaded  plant,  the  excessive  cost  per  unit  of  energy  trans- 
formed : 


^Sa/<?  SO  7S 


/oa 
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Purchased  Power. 

An  opportunity  sometimes  presents  itself  of  purchasing 
power  from  outside  sources,  the  basis  of  purchase  frequently 
being  a  given  rate  per  K.W.H.  or  a  flat  rate  per  H.P.  When 
contracts  are  made  for  the  purchase  of  power  it  is  usually 
advisable  to  have  the  contract  reviewed  by  a  competent 
engineer.  The  representative  of  the  power  company  commonly 
presents  a  form  of  contract,  the  conditions  of  which  are  as  ad- 
vantageous as  possible  to  the  company.  The  prospective 
purchaser  should  therefore  consider  the  following  points: 

(/)  Rate  per  K.W.H. — This  should  be  on  such  a  basis  as 
to  satisfy  the  purchaser  that  it  would 'not  pay  him  to  install  a 
plant  of  his  own.  The  probable  load  factor  should  be  calcu- 
lated, thus  enabling  the  power  bill  per  annum  to  be  reckoned. 
If  a  minimum  amount  of  power  is  specified  in  the  contract,  its 
influence  on  the  total  cost  may  be  considerable,  since  it  is 
equivalent  to  paying  for  power  on  a  100  per  cent,  load  factor 
basis  for  the  minimum  demand. 

(2)  Flat  Rate  per  H.P. — Contracts  made  on  this  basis 
demand  careful  study.  The  basis  of  determining  the  number 
of  horse  power  to  be  paid  for  is  worthy  of  close  scrutiny.  Usual- 
ly the  charge  is  based  on  the  'peak  load.'  The  duration  of  peak 
should  be  defined,  and  the  cost  per  annum  will  then  be  the  value 
in  H.P.  of  highest  peak  for  the  specified  time,  multiplied  by  the 
rate  per  H.P. 

(3)  Influence  of  Power  Factor. — Power  contracts  usually 
specify  that  the  power  factor  of  the  consumer's  load  shall  be 
90%  and  that  for  lower  power  factors  a  proportional  increase  in 
cost  shall  be  made.  To  obtain  as  high  a  power  factor  as  pos- 
sible motors  should  be  driven  at  full  load.  Hoisting  and 
intermittent  compressor  loads  tend  to  produce  low  power 
factors.  The  power  factor  usually  varies  considerably  with  the 
load,  and  a  contract  should  specifically  state  the  conditions 
under  which  the  power  factor  is  to  be  measured.  A  power 
factor  of  80%  on  a  1000  K.W.  plant  is  about  as  good  as  can  be 
expected.     If    operating    conditions    necessitate    a   low    power 
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factor,  synchronous  motors  may  be  used  to  advantage,  though 
caution  must  be  observed  in  adopting  this  method  of  improving 
the  power  factor  since  starting  conditions  may  adversely  affect 
the  power  phmt. 

(Jf)  Voltage. — Since  the  torque  of  induction  motors  is  pro- 
portional to  the  square  of  the  voltage,  low  voltage  should  be 
avoided.  The  maximum  and  minimum  variations  should  be 
specified. 

(5)  Allowance  for  Shutdoitns  and  Failure  of  Supply. — A 
clause  covering  this  should  be  inserted  in  the  contract. 

(6)  An  arbitration  Clause  covering  all  disputes  should  be 
inserted  in  the  contract. 

The  opportunity  of  purchasing  power  from  a  reliable  source 
should  always  be  carefully  considered,  since  when  conditions 
are  favourable  to  the  purchase  of  power,  money  is  not  tied  up 
in  plant  equipment,  while  a  reference  to  the  preceding  curves 
shows  how  adversely  the  cost  per  unit  of  energy  may  be  affected 
thereby.  If  purchased  on  a  K.W.  hour  basis  with  proper 
restriction,  it  has  the  advantage  of  giving  a  definite  cost  which 
is  not  affected  by  the  conditions  incidental  to  mining.  When 
the  life  of  the  mine  is  indefinite,  and  the  rate  of  recovery  variable 
it  has  much  to  commend  it. 

The  writer  trusts  that  the  methods  outlined  in  this  j)aper 
may  be  of  value  to  members  of  the  Institute  when  consider- 
ing their  power  costs. 


DRAINING   KERR  LAKE,  COBALT  DISTRICT,  ONT.* 

By  Robert  Livermore,  Cobalt,  Ont. 


It  has  been  a  noteworthy  feature  of  the  Cobalt  camp,  that 
many  of  the  valuable  ore  deposits  have  been  covered,  wholly 
or  in  part,  by  small  but  usually  deep  lakes,  such  as  Cobalt, 
Cart,  and  Peterson  lakes,  and,  with  the  subject  of  this  article, 
Kerr  lake.  In  the  early  days  of  the  camp  many  water-covered 
areas,  which  have  since  been  found  to  be  valuable,  were  ignored, 
or  neglected  by  owners,  or  simply  perfunctorily  staked  for 
water  rights.  Kerr  lake  is  probably  the  evidence  of  a  fault 
or  sharp  fold,  having  a  general  east  and  west  strike,  and  con- 
taining a  series  of  ore-bearing  fissures,  parallel  generally  to 
the  strike,  although  having  some  notable  exceptions  to  the 
general  rule. 

On  the  north  side  of  Kerr  lake  the  formation  is  of  diabase, 
while  on  the  south  side  it  is  of  Huronian  slates  and  conglom- 
erates. These  Huronian  measures  extend  out  under  the  lake, 
dipping  gently  to  the  north  to  a  lateral  distance  not  yet  defi- 
nitely determined,  owing  to  the  lack  of  development  under 
the  deepest  parts  of  the  lake.  Probably  the  contract  beween 
the  diabase  and  Huronian  or  else  between  the  former  and  the 
underlying  Keewatin  formation  occurs  somewhere  near  the 
center  of  the  lake. 


*  Published   jointly  with   the    American   Institute  of  Mining  Engineers 
by  special  arrangement. 

165 


166  Draining  Kerr  Lake — Livermore 

Kerr  lake  originally  covered  iiB  acres.  Of  this  the  Kerr 
Lake  Mining  Co.  owned  12,  the  Drummond  Mine,  7,  and  the 
Crown  Reserve  Mining  Co.  the  remainder  of  26  acres.  Since 
the  latter's  property  was  originally  entirely  under  water,  it 
was  necessary  for  the  owners  to  make  land  for  buildings  and 
shaft  room.  Accordingly,  in  1908,  a  trench  was  blasted  out 
which  deepened  the  outlet,  and  lowered  the  lake  8  ft. 

As  many  of  the  rich  veins  of  the  Crown  Reserve  and  Kerr 
Lake  companies  were  under  water,  mining  was  pursued  under 
some  disadvantages.  Fortunately  the  rock  is  tight  and  solid, 
and  mining  has  been  done  sufficiently  far  from  the  surface 
to  avoid  unnecessary  risk.  Nevertheless,  there  was  always 
danger  of  encountering  open  seams,  through  which  too  large 
a  flow  of  water  for  comfortable  working  might  come.  Careful 
soundings  were  made  over  the  veins,  by  means  of  steel-shod 
pipe,  through  mud  and  water  to  bedrock,  but  there  was  some- 
times an  element  of  uncertainty  as  to  whether  actual  bedrock 
had  been  reached.  Furthermore,  the  necessity  of  leaving 
safe  backs  between  workings  and  lake  tied  up  large  quantities 
of  ore,  and  made  development  in  certain  directions  hazardous. 
The  desirability  of  complete  draining  of  the  lake  was  early 
recognized,  and  several  plans  were  proposed  for  its  accomplish- 
ment, but  owing  to  various  difficulties,  both  of  an  engineering 
nature,  and  of  securing  agreement  between  the  various  com- 
panies affected,  the  undertaking  was  delayed. 


Preliminary    Plans 

During  the  summer  of  1912,  the  Crown  Reserve  and  Kerr 
Lake  companies  gave  serious  thought  to  the  subject,  and  came 
to  the  conclusion  that  if  the  dewatering  were  to  be  done,  it 
could  best  be  accomplished  by  pumping  rather  than  by  an 
earlier  plan  of  tunneling,  both  on  the  score  of  simplicity  and 
expense.  Preliminary  surveys  were  made  over  the  route 
the  water  was  to  follow,  viz. — through  the  Kerr  lake  outlet, 
to  Glen  and  Giroux  lakes,  and  thence  by  the  outlet  stream 
of  the  latter  to  the  Montreal  river,  a  total  distance  of  8  miles. 
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In  April,  1!)13,  an  act  of  Parliament  permitted  the  drain- 
ing of  such  bodies  of  water  as  were  an  obstruction  to  mining 
operations,  which  act  removed  one  of  the  hindrances  hither- 
to existing  to  this,  and  simihir  plans;  and  in  May,  1913,  the 
purchase  of  the  7  acres  owned  by  the  Drummond  interests, 
under  Kerr  lake,  removed  the  last  vital  objection  to  the  under- 
taking. Permission  was  granted  by  the  mining  commissioner 
in  May,  1913,  and  work  was  begun  at  once. 

Kerr  lake  at  this  time  covered  an  area  of  30.35  acres 
having  been  reduced  from  the  original  area  of  45  acres  by  the 
work  of  the  Crown  Reserve  Co.,  above  mentioned,  and  by 
filling  in  by  the  waste  dumps  of  the  two  companies.  Of  the 
total  area  18.5  acres  belonged  to  the  Crown  Reserve,  6.54 
to  Kerr  Lake,  and  5.31  acres  formerly  of  the  Drummond 
mine,  to  the  two  first-named  companies  jointly. 

There  are  no  inlets  of  importance  in  Kerr  lake,  and  its 
one  outlet  carried  off  water  running  at  the  rate  of  300  gal. 
per  minute  in  the  freshet  season  to  nothing  in  the  dry  season. 
It  was  not  thought  that  the  lake  was  spring  fed  to  any  extent, 
but  that  it  maintained  its  level  simply  from  rain  and  melting 
snow.  Soundings  had  established  its  greatest  depth  at  100 
ft.,  nearly  20  of  which  was  soft  mud.  It  was  estimated  that 
the  lake  contained  400,000,000  gal.  of  water  and  liquid  mud 
in  all.  In  any  plan  for  dewatering,  the  mud  had  to  be  taken 
into  account,  as  a  large  deposit  of  this  left  behind  would 
leave  parts  of  the  exposed  surface  in  as  bad  shape  as  ever  for 
mining  purposes. 

It  had  been  planned  in  the  first  survey  to  pump  the  water 
through  the  old  outlet,  whence  it  would  run  through  natural 
channels  by  Glen  and  Giroux  lakes  to  the  Montreal  river ; 
but  while  this  would  have  been  a  simple  and  feasible  plan  for 
the  water  only,  the  problem  involved  by  the  proper  disposal 
of  the  mud  prevented  its  adoption.  Hence  the  final  surveys 
were  fun  in  a  direct  line  from  Kerr  to  Giroux  lake.  A  pipe 
was  to  take  the  water  over  this  line,  crossing  the  Kerr  lake 
property,  the  township  highway,  the  tracks  of  the  Temiskam- 
ing  &  Northern  Ontario  Railway,  and  several  rights  of  way 
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of  power  and  compressed-air  lines,  before  entering  Giroux 
lake.  The  greatest  elevation  of  the  line  above  Kerr  lake  was 
53  ft.,  and  the  linear  distance  from  lake  to  lake,  2,400  ft. 
The  difference  in  elevation  between  the  two  lakes  was  20  ft. 
Giroux  lake  covers  about  230  acres,  and  is  of  great  depth, 
with  an  ample  outlet,  so  that  the  disadvantages  and  objections 
of  possible  blocking  of  channels  and  flooding  of  other  properties 
met  with  in  the  original  plan,  were  removed. 

The  problem  which  then  presented  itself  was  the  installa- 
tion of  a  pumping  plant  capable  of  handling  both  water  and 
an  indeterminate  amount  of  solids  against  a  static  head  varying 
from  53  ft.  at  the  start  to  153  ft.  at  the  end  of  operations, 
when  the  lake  should  have  been  completely  drained,  through 
a  pipe  line  large  enough  to  eliminate  the  friction  factor  as  much 
as  possible,  yet  small  enough  to  give  sufficient  velocity  to  mud- 
laden  water.  Allowing  an  ample  friction  factor,  it  was  estimated 
that  the  total  static  and  dynamic  head  would  approximate 
185  ft.  The  pumping  plant,  further,  must  have  a  variable 
base  since  the  shore  line  would  be  constantly  changing,  and 
the  pumps  must  have  a  great  range  of  action  to  maintain  an 
even  flow  of  liquid  of  changing  density  against  an  ever  increasing 
head. 

On  account  of  the  steep  and  irregular  shore  and  bottom 
of  the  lake,  and  the  cumbersome  nature  of  the  machinery, 
a  plant  mounted  on  a  movable  base  ashore  presented  obvious 
disadvantages,  so  it  was  decided  to  place  the  pumps  upon  a 
scow.  This  scow  was  to  be  kept  near  the  shore  because  if 
anchored  in  mid-lake  a  good  many  pontoons  would  have  been 
necessary  to  support  the  heavy  pipe;  also,  since  flexibility 
of  the  pipe  line  at  some  point  was  essential,  on  account  of 
the  changing  level,  it  would  have  been  difficult  to  anchor 
both  scow  and  pontoons  so  as  to  be  flexible  enough  and  yet 
not  too  susceptible  to  wind  and  movement  of  the  waters. 
Further,  constant  changing  of  mooring  cables  at  many  points 
would  have  been  necessary  as  the  level  of  the  lake  changed. 

Since  the  Kerr  Lake,  Crown  Reserve,  and  the  neighbouring 
Drummond  (now  Cobalt  Comet)   mines  all  took  their  water 
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supply  from  Kerr  lake,  the  plans  included  the  erection  of 
an  auxiliary  water-supply  pumping  plant  on  Giroux  lake, 
large  enough  to  fill  all  needs  of  the  comi)anies  concerned. 

Machinery  and  accessories  were  ordered  in  May,  1913, 
and  with  the  receipt  of  the  first  shipments  of  pipe  during  the 
latter  part  of  that  month  active  work  was  begun. 

The  scow  on  which  the  pumps  were  to  be  mounted  was 
built  from  designs  of  the  Kerr  Lake  Mining  Co.'s  engineer, 
by  the  Crown  Reserve  Mining  Co.  at  its  shops  on  the  shore 
of  the  lake.  This  scow  (Figs.  1  and  2)  w^as  designed  to  be  as 
compact  as  possible,  yet  to  allow  plenty  of  working  room  when 
machinery  and  fittings  had  been  installed.  Stability,  rigid 
construction,  light  draft,  and  carrying  capacity  up  to  70  tons 
displacement  were  all  essential,  and  were  taken  into  account 
in  the  plans. 

The  hull  was  built  of  Western  fir  throughout,  dimensions 
over  all  being  40  by  20  ft.,  depth  of  sides  4  ft.,  and  dimensions 
of  bottom  31  ft.  6  in.,  allowing  a  4  ft.  3  in.  overhang  at  bow 
and  stern.  For  the  bottom,  3-in.  planks  laid  lengthwise  were 
used;  across  these  other  3-in.  planks  were  laid  at  2  ft.  3  in. 
centres  as  sills  for  the  uprights  supporting  the  deck  timbers. 
The  boat  was  divided  longitudinally  into  three  sections;  the 
sides,  the  centre,  and  the  two  intermediate  divisions  of  the 
framework  were  built  of  6  by  6  in.  timbers  to  top  and  bottom, 
each  division  spaced  4  ft.  9  in.  apart.  The  uprights  were  6 
by  6  in.  posts  set  on  the  bed  planks  at  2  ft.  3  in.  centres  and 
bolted  to  the  longitudinal  timbers.  The  deck  beams,  also 
6  by  6  in.,  rested  on  the  latter  at  2  ft.  3  in.  centres,  and  were 
bolted  to  them  and  to  the  supporting  posts.  Deck  and  sides 
were  of  3-in.  plank  laid  lengthwdse,  and  spiked  and  bolted 
to  the  frame.  A  2-in  flush  was  given  to  the  deck,  and  hatches 
provided  for  and  aft  for  entrance  to  the  hold.  The  whole 
boat 'was  thoroughly  calked  with  tar  and  oakum.  Two  anchor- 
ing spuds  were  placed  at  each  side  of  the  stern,  for  holding 
the  scow  firmly  against  the  thrust  of  the  pumps.  These  were 
16  by  10  in.  fir  timbers,  30  ft.  long,  iron  shod,  and  held  in 
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place  by  guides  14  by  10  in.,  which  were  tied  by  iron  rods 
to  each  other  above  and  below  water.  The  spuds  were  raised 
and  lowered  by  rack  and  pinion  with  spoke  attachment.  Be- 
sides the  spuds  ^s -ill- wire  hawsers  were  provided,  to  connect 
with  shore  at  each  corner  of  the  scow.  In  practice  it  was 
found  that  on  account  of  the  shifting  nature  of  the  mud, 
and  the  difficulty  of  finding  firm  bottom  for  the  spuds,  the 
hawsers  were  more  useful,  and  with  the  aid  of  small  yacht 
capstans  set  up  on  the  boat  and  on  shore,  were  ample  to  hold  the 
scow  in  any  desired  position. 

After  launching,  which  was  accomplished  without  trouble, 
by  jacking  up  the  boat  to  the  proper  angle,  and  placing  greased 
ways  beneath,  it  was  towed  to  the  east  end  of  the  lake  and 
ballasted  with  about  10  tons  of  bagged  gravel.  A  temporary 
crane  was  rigged  on  deck  for  handling  the  pumps,  motors, 
and  heavier  pipe  and  valve  fittings,  which  were  hauled  by 
wagon  from  the  cars,  and  shipped  on  board  at  this  point. 
The  pumps  and  motors  were  assembled  on  their  base,  the  bed 
plates  of  each  unit  bolted  through  8-in.  sills  to  the  deck,  and 
the  pipe  and  valve  connections  between  the  pumps  made. 
The  scow  was  then  towed  back  to  the  yard  for  housing  and 
final  fitting.  A  weather-tight  house  of  light  construction 
was  erected,  to  cover  all  of  the  deck  except  a  small  space  at 
the  end.  where  room  was  needed  for  operation  of  the  spuds 
and  capstans. 

Pumping   Plant 

The  plant  consists  of  four  single-stage  centrifugal  pumps, 
arranged  in  two  units  (Fig.  3  and  4).  Each  unit  comprises 
a  compound  pumping  outfit  of  two  pumps,  direct  connected 
by  a  flexible  coupling  to  the  motor  which  is  placed  between  the 
two.  These  have  12-in.  side  suction  leadings  outboard,  and 
10-in.  discharges  facing  inboard.  The  pump  shells  are  Ij^  in. 
in  thickness,  with  removable  side  disks.  The  runners  are  of 
the  enclosed  type,  of  heavy  design,  and  capable  of  delivering 
solids  up  to  4  in.  in  diameter.  The  shafts  are  of  steel  extended 
on  each  side  of  the  pumps,  and  carried  by  outboard  ring  oiling 


Photo  by  ./,  .(.  Coir 

Fig  1  —  Moving  Scow  aud   Lengthening   Pipe. 


Fig-  i — Seow  in  position,  in  readiness  for  pumping. 


Fig  5 — 20-in.  Drainage  line  across  T.  &  N.  O.  Ry    Track. 


Fig  7 — Discharge  of  20-in  drainage  line,  with  water  supply  pump  house 

at  Giroux  Lake 


Photo  Arthur  A.  Cole 

Rich  voin  on  Kerr  Lake  property  expose.!    by  the  (irainin  ;. 
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bearings,  fittrd  wilh  rcinovablc  babbit-lined  shells.  Adjustable 
thrust  bearings  are  also  provided  to  take  possible  unbalanced 
end  thrusts. 


Fig  3 — Plan  of  Piping  for  Parallel  Operations  of  Pumps. 


Each  unit  was  designed  to  deliver  not  less  than  3,000 
gal.  per  minute  at  the  greatest  elevation  encountered  during 
the  operation,  with  a  mechanical  efficiency  of  not  less  than 
60  per  cent.  At  the  start  the  four  pumps  were  to  work  in 
parallel  (Fig.  3),  each  delivering  through  its  10-in.  discharge 
into  a  central  pipe,  the  flow  from  the  two  sternmost  pumps 
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carrying  through  a  length  of  14-in.  pipe  until  abreast  of  the 
forward  pumps,  where  the  flow  from  all  four  entered  the  main 
20-in.  line.     All  pipe  connections  on  the  scow  were  especially 


Fig  4 — Plan  of  Piping  for  Series  Operation  of  Pumps. 

cast  for  the  work.  For  the  parallel  connection  a  flanged  Y 
joined  the  stern  pump  discharges  to  the  14-in.  pipe  above 
mentioned,  which  extended  along  the  centre  of  the  scow  to 
another  Y  bored  to  receive  it,  and  connecting  the  forward 
pumps  to  the  main  line.  Gate  valves  were  set  in  between 
each  discharge  and  the  main  line,   so  that  by  disconnecting 
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the  motor  and  closing  the  valve  any  one  pump  could  be  closed 
off  without  aft'ecting  the  others. 

A  change  from  i)arallel  to  series  operation  (Fig.  4)  could 
be  made  at  whatever  point  in  the  undertaking  the  increase 
of  head  and  density  of  material  made  it  advisable.  This  was 
arranged  as  follows:  The  forward  suctions  stern  Y,  and  center 
length  of  14-in.  pipe  were  to  be  removed,  Cast  U-shaped 
lengths  of  pipe  were  provided  to  carry  the  discharge  from 
the  stern  pumps  outside  and  around  to  the  intakes  of  the 
forward  pumps,  where  a  blank  flange  fitted  to  the  14-in. 
orifice  in  the  forward  Y  threw  the  water  forward  to  the  main 
line.  By  this  arrangement  two  units,  each  of  a  two-stage 
tandem  pump,  were  obtained  at  some  sacrifice  of  volume, 
but  at  a  decided  gain  in  efficiency. 

For  priming  and  keeping  pressure  on  the  impeller  bearings, 
a  53^  by  33/^  by  5  in.  air-driven  plunger  pump  was  installed 
on  the  scow,  which  took  its  power  from  the  mine  compressed- 
air  supply,  and  its  w^ater  from  Kerr  lake  at  the  start,  but 
after  its  waters  became  too  muddy,  from  the  auxiliary  supply 
from  Giroux  lake.  The  main  suction  pipes  were  connected 
to  the  pump  shell  by  90°  elbows,  and  extended  to  the  water's 
edge  where  8-ft.  lengths  of  smooth-bore  suction  hose  con- 
tinued the  intake.  The  suctions  were  fitted  with  flap  foot 
valves  and  strainers  having  3-in.  apertures.  The  suctions 
were  arranged  on  loose  threads  to  act  as  a  swivel  joint,  which, 
with  the  aid  of  a  tackle,  allowed  the  intakes  to  act  at  any 
desired  depth  within  an  8-ft.  radius. 

The  motors  to  drive  the  pumps  are  two  in  number,  one 
for  each  unit,  and  connected  to  the  pumps  directly,  as  above 
described.  They  are  250-h.p.  squirrel-cage  synchronous  in- 
duction motors,  operating  at  1,200  rev.  per  min,  with  2,200-volt 
three-phase,  60-cycle  current. 

The  power  was  obtained  from  the  line  of  the  Northern 
Ontario  Light  &  Power  Co.,  which  passes  through  the  proper- 
ty. A  2,200  volt  line  was  carried  without  transforming,  to  a 
switch  house  built  for  the  purpose,  on  shore  near  the  scow. 
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Here,  oil  and  knife  switches,  meters,  etc.,  were  installed,  whence 
heavily  insulated  copper  cables  were  led  to  the  scow.  The 
connections  on  the  scow  were  made  through  oil-switch,  panel- 
mounted  knife  switches,  and  starting  compensators  for  each 
motor.  Lightning  arresters  were  placed  outside  the  deck- 
house. Cables  inside  the  house  were  carried  in  pipe,  and  be- 
low deck  where  possible,  to  the  various  connections. 

Main  Pipe  Line 

A  20-in.,  14  gauge,  spiral  rivetted  pipe  was  used  for  the 
main  drainage  line.  Bolted  steel  joints  were  used,  except  for 
a  few  flanged  lengths  on  angles,  and  between  the  scow  and 
shore.  This  type  of  joint  was  used  on  account  of  its  great 
flexibility  and  capacity  for  taking  up  expansion  and  con- 
traction. These  qualities  were  very  desirable  here,  where 
extreme  changes  of  temperature  occur,  and  where  portions 
of  the  line,  both  at  the  feed  and  discharge  ends,  had  to  be 
shifted  from  time  to  time.  This  pipe  was  supplied  in  32-feet 
lengths,  weighing  1,500  lb.  to  the  length.  The  pipe  was  laid 
either  on  the  ground  or  on  simple  bents,  two  to  each  length, 
keeping  it  in  as  straight  a  line,  and  as  free  from  hollows  as 
possible.  What  few  angles  there  were,  were  calculated  in  the 
survey,  and  were  met  by  specially  cast  flanged  elbows,  to  which 
lengths  of  pipe  flanged  at  one  end  were  bolted.  A  little  ditch 
work,  and  rock  drilling  and  blasting  were  necessary,  especially 
where  the  line  crossed  under  the  main  highway  by  culvert, 
but  in  the  main,  inequalities  of  the  ground  were  made  up  by 
the  bents.  The  chief  engineering  difficulty  met  with  was  in 
carrying  the  pipe  over  the  tracks  of  the  Temiskaming  & 
Northern  Ontario  Ry.  at  the  minimum  height  allowed  above 
rail,  of  22  ft.  6  in. ;  an  action  made  necessary  to  avoid  causing 
a  hollow  in  the  line  if  carried  under  the  tracks. 

At  this  point  (Fig.  5  and  6)  two  wooden  towers  of  the  or- 
dinary tram  type,  built  of  8  by  8  in.  posts  on  a  16-ft.  square 
base,  well  tied  and  cross  braced,  were  erected  on  each  side  of 
the  track.  The  angle  of  crossing  made  a  span  from  one  sup- 
port to  the  other  of  90  ft.     Saddles  for  the  pipe  were  provided 
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4  ft.  below  tlie  top  of  the  lowers.  Over  the  l()i)s,  which  were 
iron  shod  cross  pieces,  two  Js-iw-  stccl-wirc  cables  were  i)assed, 
20  in.  apart,  and  carried  to  ground.  These  were  anchored  by 
'dead-men'  made  of  stout  logs  sunk  to  a  dejjth  of  6  ft.,  and 
weighted  with  stone.  Turnl)uckles  were  provided,  by  which 
the  cables  were  stretched  as  taut  as  possible. 

The  pipe  was  then  laid  on  the  bents  and  joined  as  far  as 
the  first  tower.  Three  flanged  lengths  were  then  laid  along- 
side on  the  bents  and  bolted  together  to  make  the  span.  One 
end  of  the  joined  lengths  was  slung  in  a  carrier,  made  of  an 
iron  loop  ending  in  sheaves  to  run  on  the  two  cables,  and 
pushed   out  over  the  railway  to  the  far  tower.      Connection 
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Fig  6^  Pipe  and  Supports  at  T.  &  N.   O.  Railway  track. 

was  then  made  with  the  pipe  already  laid.  The  span  of  pipe 
across  the  railway  was  supported  by  2  by  3^2-in-  strap-iron 
hangers  passing  under  the  pipe  and  hooking  over  the  cables 
at  8-ft.  intervals.  Each  hanger  had  a  turn  screw  and  nut, 
to  take  out  all  sag  in  the  pipe.  An  angle  flange  and  two  con- 
necting lengths  carried  the  line  from  the  tower  to  a  rock- 
filled  crib  pier  where  another  angle  flange  was  connected, 
and  anchored  by  long  eyebolts  passing  to  a  'dead-man'  to 
guard  against  displacement  of  the  pipe  by  the  force  of  the  water 
coming  over  the  sudden  drop  from  the  tower.  The  continuing 
line  was  carried  on  bents  as  before  across  a  swamp  and  down 
the  final  incline  to  Giroux  lake. 

Flexibility  of  connection  betAveen  the  floating  scow  and 
the   fixed   pipe  on   shore   was   secured   as  follows:     The   Kerr 
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lake  end  of  the  pipe  (see  Figs.  1  and  2),  which  reached  shore 
at  an  angle  of  15°,  was  anchored  by  strap  and  bolts  set  in  a 
cement  pier  at  water  line.  The  end  of  the  pipe  facing  the  water 
was  flanged,  and  to  this  was  bolted  a  20-in.  flexible  ball  joint 
having  a  maximum  swing  of  27°.  To  this  joint,  in  turn,  two 
expansion  joints  giving  a  lateral  play  of  16  in.  were  bolted. 
At  the  start,  one  32-ft.  length  of  flanged  pipe  was  connected 
to  these,  and  to  a  similar  ball  joint  coupled  inboard  on  the 
scow  at  the  main  discharge.  A  12-in.  bypass,  with  a  gate  valve, 
was  inserted  on  the  flanged  length,  for  draining  the  line. 

Water  Supply 
The  water  supply  for  the  different  properties  formerly 
taking  water  from  Kerr  lake  was  obtained  from  Giroux  lake, 
as  already  mentioned.  It  was  at  first  planned  to  mount  the 
pumps  on  the  shore  of  Giroux  lake,  and  carry  the  suction 
intakes  out  on  piers,  but  the  difficulty  of  placing  piers  firmly 
on  the  steep,  smooth  bottom,  and  of  protecting  the  suction 
pipes  against  freezing,  made  a  change  of  plan  advisable.  A 
well,  10  ft.  square  by  12  ft.  deep,  was  sunk  by  air  drills  in  the 
solid  rock  on  shore,  almost  at  water  line,  leaving  a  thin  shell 
between  lake  and  well.  ^Yhen  the  well  was  completed,  a  series 
of  flat  holes  drilled  at  a  depth  of  5  ft.  below  water  level  and 
'looking  out'  under  the  lake,  was  put  in.  The  holes  were 
heavily  loaded,  blasted  simultaneously,  and  a  clear  connection 
made  between  well  and  lake.  A  14  by  20  ft.  pump  house 
(Fig.  7)  was  erected  on  cement  foundations  over  the  well, 
in  which  10  by  10  in.  timbers  were  set  at  3-ft.  intervals,  as  sills 
for  the  pumps  and  equipment. 

The  pumps  for  this  water  supply  are  two  in  number,  of 
the  single-stage  turbine  type,  each  capable  of  delivering  500 
imperial  gallons  per  minute  against  a  total  head  of  175  ft. 
The  speed  of  operation  is  1,750  rev.  per  minute.  The  pumps 
are  mounted  on  the  same  base  plate  with  a  45-h.p.,  2,200-volt, 
three-phase,  60-cycle  motor,  directly  connected  to  the  pumps 
with  flexible  pin  couplings.  The  equipment  comprises  auto- 
starters,  oil  and  knife  switches,  lightning  arresters,  and  meters. 

Water  is  pumped  through  an  8-in.  spiral  rivetted  bolted- 
joint  pipe  1,300  ft.  in  length,  against  a  125-ft.  head  to  a  46,000- 
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\:,a\.  reoeivin{>'  tank  creclrd  on  an  eniiiicnce  hetvveen  the  two 
l)ropertios.  From  this  tank  I  he  supply  for  the  different  mines 
is  deHvered  in  (i-in.  wrought-iron  i)ipe,  by  gravity. 

Owing  to  I  he  severe  eohl  of  the  winters,  great  care  was 
necessary  in  ])rote('ting  all  water  lines,  and  the  methods  used 
merit  some  description.  The  main  8-in.  line  was  inclosed  in 
a  4-i't.  plank  box,  filled  with  sawdust  and  covered  on  top  with 
paroid.     A  1-in.  steam  line  from  each  of  the  two  mine  heating 


Fig  8 — Details  of  Electric  Signal  Connections. 

plants  was  run  alongside  thei)ipe  to  the  pump  house,  where  it  was 
run  through  a  coil  for  heating  purposes,  and  thence  to  the 
well  inlet  to  keep  the  intakes  free  of  ice.  As  muddy  water 
was  to  enter  Giroux  lake  from  the  drainage  operations,  a  filter 
dam  made  of  jute,  supported  on  piles,  was  placed  around 
the  inlet,  which  formed  a  small  pond  of  comparatively  clear 
water.  Two  gate  filters  of  8-oz.  duck  were  placed  over  the 
direct  inlet,  further  to  clarify  the  water. 

A  signal  system   (Fig.  8)   from  tank  to  pump  house  was 
installed,  in  order  to  keep  the  water  in  the  receiving  tank  at 
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a  fairly  constant  level.  This  consisted  of  a  semi-circular 
wooden  disk  revolving  on  bearings  placed  in  the  centre  of 
the  curve,  and  supported  on  brackets  fixed  to  the  inside  wall 
of  the  tank  near  the  top.  The  disk  was  equipped  with  a  10-ft, 
arm  and  10-in.  cylindrical  float.  On  the  edge  of  the  disk 
were  placed  two  electrical  contact  points  one  quarter  of  the 
circumference  apart.  Facing  the  disk  edge  was  placed  a 
stationary  block,  having  a  concave  surface,  matching,  and 
clear  of,  the  disk  edge.  On  the  upper  part  of  this  surface  were 
placed  two  pairs  of  electrical  contacts.  Two  incandescent 
lamps  and  an  alarm  bell  were  placed  in  the  pump  house, 
arranged  on  a  panel  so  that  the  bell  had  a  light  above  and  be- 
low. Electrical  connection  was  made  by  wire  from  a  110- volt 
circuit  to  the  two  moving  contacts  on  the  disk.  Circuit  was 
made  between  the  inside  contact  of  each  pair  on  the  stationary 
arm  and  the  alarm  bell,  and  between  the  outside  contacts 
and  the  lights.  The  operation  of  the  signals  was  now  as 
follows:  When  the  water  had  lowered  sufficiently,  the  lower 
moving  contact  made  connection  wuth  the  lowest  fixed  con- 
tact, and  lighted  the  warning  lamp  on  the  panel,  showing 
'near  low  water.'  The  water  continuing  to  lower,  shortly 
afterward  contact  was  made  with  the  lower  of  the  inside 
fixed  contacts,  and  the  alarm  bell  was  rung.  In  the  same  way, 
when  the  water  in  the  tank  was  nearing  high  mark,  the  lamp 
marked  'near  high'  was  lighted  and  then  the  bell  was  rung, 
only  in  this  case  the  upper  moving  contact  and  pair  of  fixed 
contacts  were  in  play.  The  contacts  were  spaced  on  the  disk 
and  concave  surface  so  as  to  obtain  these  effects  at  the  proper 
stages. 

Drainage  Operations. 
The  Kerr  lake  pumps  were  started  on  Aug.  -28,  1912. 
Some  difficulties  of  a  temporary  nature  were  met  with  at  the 
start,  but  there  were,  on  the  whole,  few  delays  or  hitches  in 
the  operation.  It  was  found  that  too  sudden  stopping  of  the 
pumps  caused  vacuums  to  form  which  made  one  or  two  lengths 
of  pipe  show  a  tendency  to  collapse,  but  this  was  remedied 
by  the  insertion  of  check  valves  at  threatened  points.  A 
tendency  of  the  pipe  to  sag  after  receiving  the  full  weight  of 
water   was   observed   on   the   span   over   the   railway,   and  the 
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structure  was  strengthened  by  the  addition  of  two  more 
%-in-  eal)k\s  stretched  and  anchored  in  the  same  way  as  the 
original  ones,  aiui  by  liie  construction  of  arm  props  on  each 
tower,  hung  out  over  ilu^  track  by  i?4-in.  rods,  and  set  in  notches 
on  the  h^gs,  which  sliorlencd  the  unsupported  span  of  pipe  by 
24  ft. 

The  water  was  lowered  steadily  until  the  depth  under 
the  scow  became  too  shallow  for  convenience,  when  a  new 
flanged  length  of  pipe  was  inserted,  and  the  scow  moved  out 
a  corres})onding  distance.  The  extra  length  was  supported 
by  trestle  bents  having  an  adjustable  block  and  tackle  sling 
to  allow  for  the  falling  level  of  the  pipe.  The  operation  was 
repeated  as  often  as  it  became  necessary  to  make  a  move 
until  the  suspended  line  became  too  cumbersome,  when  the 
shore  ball  joint  Avas  moved  out  to  a  new  pier  and  the  connecting 
pil)e  shortened  accordingly. 

It  had  been  intended  to  stir  up  the  mud  as  much  as  pos- 
sible by  agitation  while  there  was  plenty  of  water  in  the  lake, 
so  that  the  mixture  flowing  through  the  line  might  be  as  liquid 
as  possible.  Various  methods  were  tried,  such  as  directing  a 
stream,  pumped  from  the  lake  by  an  auxiliary  plunger  pump 
of  300  gal.  capacity,  through  a  4-in.  hose  with  monitor  attach- 
ment, into  the  mud,  both  from  shore  and  from  a  small  scow  ; 
but  this  was  found  impracticable,  since  the  mud  was  of  such 
consistency  that  although  the  bulk  of  that  exposed  by  the 
lowering  of  the  water  flowed  into  the  deeper  part  almost 
without  sluicing,  that  under  water  had  a  glue-like  tendency 
to  stay  in  banked  masses  near  the  shore  as  long  as  any  water 
remained  in  the  lake  to  hold  it  back.  Such  mud  as  was  left 
above  the  water  soon  dried  and  became  compact  to  a  short 
depth,  so  that  it  offered  little  difficulty  to  mining  or  pros- 
pecting, but  that  in  the  centre  of  the  lake  constantly  increased 
in  depth  with  the  influx  from  the  sides,  and  as  rapidly  dimin- 
ished the  clear-water  area.  Tests  made  on  this  mud  showed 
that  its  water  content  was  very  high,  nearly  80  per  cent., 
so  that  it  Avas  decided  to  pump  out  the  remaining  water  entirely; 
and  with  the  suctions  resting  in  the  mud,  trust  that  the  pumps 
would  handle  it  with  the  aid  of  the  small  streams  of  water 
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flowing  into  the  basin  from  the  mines  and  mills.  The  change  of 
pumps  from  parallel  to  tandem  operation,  provided  for  as  above 
described,  was  made  in  order  to  obtain  better  efficiency  with 
the  heavier  material,  and  after  some  experimenting  with  the 
proper  mixture  of  mud  and  water,  and  with  the  size  of  the  strain- 
er openings,  a  fairly  steady  stream  of  liquid  mud  varying  from 
6  to  20  per  cent,  solids  was  maintained  through  the  line. 

Some  trouble  was  had  from  the  muddying  of  the  water  in 
Giroux  lake  near  the  mine  supply  pumps.  This  was  met  by 
carrying  the  pipe  line  on  a  curve  of  4.5°,  to  which  the  flexible 
nature  of  the  bolted  joints  adapted  it  admirably,  to  a  wooden 
flume,  built  along  shore,  and  extending  to  a  remote  cove  of 
the  lake,  after  which  no  more  trouble  was  experienced. 

At  the  time  of  the  first  proposals  for  the  draining  it  had 
been  feared  that  the  health  of  the  people  in  the  rather  thickly 
settled  vicinity  of  Kerr  lake  might  suffer,  but  fortunately 
these  fears  had  no  justification;  in  fact,  if  anything,  the  reverse 
was  the  case,  since  the  more  than  doubtful  water  supply  from 
Kerr  lake  was  replaced  by  the  purer  water  of  Giroux.  At 
one  period  when  most  of  the  clear  water  had  been  pumped 
away,  some  embarrassment  was  caused  by  the  large  number 
of  fish  which  had  been  smothered  by  the  mud  and  came  to 
the  surface.  Great  numbers  ranging  in  size  from  small  perch 
to  eels  and  pike  30  in.  long  lay  everywhere,  and  even  clogged 
the  suctions  and  entered  the  valves.  Fortunately,  the  situa- 
tion was  well  met  by  the  gathering  of  great  numbers 
of  scavengering  gulls  who  soon  disposed  of  the  fish,  to  the 
mutual  advantage  of  themselves  and  the  operators. 

The  pumps  were  run  through  September  and  October, 
and  at  intervals  during  the  month  of  November;  but  during 
the  latter  month  the  increasing  cold  made  operation  difficult 
because  of  the  freezing  of  valves  and  of  the  surface  of  the  mud, 
so  that  on  the  last  of  the  month  work  was  stopped  for  the  season. 
The  operations  to  this  stage  were  successful  from  the  stand- 
point of  the  companies  concerned.  The  water  was  removed 
from  the  greater  part  of  the  important  reserves  of  the  mines, 
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lliiis  loiiving  lluMii  tree  I'oi-  slopinj^'  and  (lovclopiiUMil .  About 
3''25,00(),0()()  gal.  of  mml  and  water  were  i)iim|)ed,  at  an  averaj^e 
of  G, ()()()  <>al.  per  niiiiulc  tor  ,')8  actual  \vorkIn<i"  days. 

It  was  denionstratcHl  that  the  licjuid  nuid  lyinj;'  in  the 
deeper  parts  of  the  lake  could  be  pumped,  and  that  eventually 
the  ground  underlying  these  deeper  parts  could  be  prospected 
and  mined  at  will  after  the  removal  of  the  remaining  mud  in 
the  following  open  season. 

Several  important  veins  were  disclosed  by  the  draining, 
some  of  which  had  not  been  encountered  in  the  underground 
workings,  and  some  of  which  although  previously  known  and 
followed,  were  not  known  to  be  so  valuable  as  their  surface 
appearance  later  showed  them  to  be. 

One  of  the  most  important  questions  decided  was  that 
the  long  immersion  of  the  veins  had  had  no  ill  effect  on  their 
value,  as  exposure  showed  that  for  the  most  part  they  had 
suffered  no  oxidation  or  leaching  of  valuable  minerals.  In  one 
curious  instance  the  glacial  striations  in  a  native  silver  out- 
crop appeared  as  burnished  and  bright  as  if  made  yesterday. 

From  an  engineering  standpoint  there  were  few  miscal- 
culations or  setbacks  to  the  work,  and  allowing  for  the  usual  de- 
lays in  transportation  and  delivery  of  ordered  equipment,  the 
work  of  installation  was  expeditious. 

The  managements  of  the  two  companies,  under  whom  the 
work  was  conducted  jointly,  owe  much  credit  to  their  respective 
staffs  and  other  employees,  to  whose  harmonious  and  efficient 
co-operation,  and  many  ingenious  ideas  in  perfecting  details, 
the  assured  success  of  a  somewhat  novel  undertaking  is  largely 
due. 


METHODS  OF  EXCAVATION  IN  MOUNT  ROYAL 
TUNNEL,  MONTREAL. 

By  S.  P.  Brown,  Montreal,  Que. 

Annual   Meeting,   Moiitrc.aJ,  March  I'JI',. 

While  historically  considered,  tunnelling  antedates  mining, 
it  has  been  employed  probably  to  the  greatest  efFcct  as  an  oper- 
ation in  mining.  Tunnelling,  however,  as  commonly  under- 
stood, differs  from  ordinary  mining  operations,  in  that  it 
usually  consists  of  driving  a  subterranean  gallery,  of  definitely 
determined  dimensions,  in  a  determined  direction,  without 
regard  to  the  mineral  wealth  that  may  be  encountered  on  the 
way.  For  this  reason  certain  methods  in  excavation  and  con- 
struction have  developed  that  are  somewhat  different,  if  not 
unsuited,  to  those  commonly  adopted  in  mining  work.  For 
instance,  in  mining,  the  drill-runner  usually  works  at  the  crank 
end  of  his  drill,  while  in  tunnelling  it  is  almost  equally  customary 
for  him  to  be  at  the  chuck  end,  with  his  helper  handling  the 
crank.  Similarly,  the  miner  is  essentially  a  soloist  while  the 
tunnel  digger  almost  invarial)ly  works  in  a  team  operating, 
perhaps,  four  to  six  drills.  Another  important  difference  is  in 
that  while  the  products  of  excavation  normally  pay  for  the  cost 
of  mining  work,  this  cost  is  cumulative  in  tunnel  work  until 
the  work  is  completed  and  the  tunnel  in  operation.  Thus  in 
tunnelling,  time  becomes  a  matter  of  utmost  imj)ortance, 
since  every  million  of  money  expended  in  such  work  represents 
an  additional  expense  of  fifty  to  sixty  thousand  dollars  (or 
whatever  the  monetary  unit  may  be)  a  year  in  interest  until 
the  work  is  completed;  and  if  other  works,  such  as  lines  of 
railways,  are  awaiting  its  completion,  the  interest  account 
assumes  appalling  proportions. 

182 


tf 


Excavation  of  Mount  Uoyat-  Tunnel — Brown        183 

In  llu'  ("ISO  of  the  Mount  Royal  tunnel  (see  Fig.  1)  time  was 
of  the  most  vital  importance.  With  this  in  view,  the  physical 
conditions  expected  to  be  encountered,  and  the  different 
methods  that  ini<i;ht  be  applied,  were  very  carefully  weighed. 
It  was  eventually  decided  to  use  a  bottom-centre  heading 
(driven  on  sub-grade)  from  which  the  full-sized  tunnel 
section  might  be  developed  in  as  many  places  simultaneously 
as  desired.  By  this  method  the  headings  could  be  driven  at 
maximum  speed,  with  very  small  regard  for  the  ground  through 
which  it  passed,  and  such  pieces  of  bad  ground  as  were  en- 
countered could  be  dealt  with  leisurely  and  carefully  without 
materially  affecting  the  time  of  ultimate  completion. 

While  this  method  is  essentially  European,  the  common 
practices  employed  on  the  Alpine  tunnels  were  greatly  modified 
and  often  changed.  The  Mount  Royal  tunnel  headings  were 
driven  over  50%  larger  than  is  customary  in  Europe,  and  no 
top  heading  was  used  to  expedite  the  work.  The  tunnel 
section  above  the  level  of  the  heading  roof  was  removed  by  a 
modified  method  of  stoping,  while  the  benches,  one  on  each  side 
of  the  heading,  will  be  removed  by  a  steam  shovel  operated  by 
compressed  air.  At  the  city  end,  where  the  upper  part  of  the 
tunnel  section  is  in  soft  ground,  a  roof  shield  will  be  used,  drop- 
ping the  excavation  into  cars  in  the  heading  below,  and  erect- 
ing a  very  heavy  lining  of  interlocking  concrete  blocks,  as  the 
excavation  progresses.  This  was  adopted  to  avoid  settlement 
and  drainage,  with  consequent  claims  for  damages  from  persons 
residing  in  the  neighbourhood  through  which  the  tunnel  passes. 


Heading  Excavation. 

The  dimensions  of  the  headings,  8  to  10  feet  high  by  12  to 
14  feet  wide,  were  adopted  to  enable  a  double  track  to  be  used 
under  the  'break-ups,'  where  the  upper  part  of  the  tunnel 
section  is  developed,  and  at  the  same  time  permit  'jumbo' 
timbers  to  be  set  up  without  interfering  with  the  normal  head- 
ing traffic.  While  this  large  section,  aggregating  from  3.5  to 
4.5  cubic  yards  per  foot,  materially  reduces  the  linear  progress 
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in  heading  excavation,  it  so  essentially  improves  both  the  pro 
gress  and  economy  of  the  succeeding  work  that  it  was  deemed 
advisable  on  all  counts. 

It  has  been  found,  by  trials  in  many  varieties  of  rock  and 
under  most  diverse  conditions,  that  the  most  rapid  progress  may 
be  obtained  by  drilling  comparatively  short  rounds  and  shoot- 
ing the  heading  often.  With  this  in  view,  every  exertion  was 
made  to  reduce  the  time  consumed  in  taking  down,  blasting, 
and  setting  up.  Horizontal  bars  were  used  to  support  the 
drills,  thus  reducing  the  time  required  in  mucking  out  the  face 
after  a  shot,  as  the  bar  could  be  set  up  over  the  muck  with  only 
sufficient  mucking  to  clear  the  face  for  the  low  holes.  Light 
drills  with  w^ater  attachments,  by  which  a  mixture  of  water 
and  air  could  be  projected  through  hollow  drill  steel  into  the 
bottom  of  the  hole,  were  used  where  the  character  of  the  rock 
permitted  (see  Fig.  2).  Where  the  rock  was  very  hard,  requir- 
ing an  excessively  heavy  drilling  equipment,  drill  carriages 
were  used  (see  Fig.  3)  which  carried  the  entire  drilling  equip- 
ment in  and  out,  without  dismounting  the  drills  from  the  bar  or 
disconnecting  them  from  the  manifolds.  The  blasting  was  done, 
sometimes  by  ordinary  electric  detonators,  and  sometimes  by 
time  fuses  which  were  ignited  electrically.  All  mucking  was 
done  off  steel  slick  sheets.  The  cars  were  designed  low  to 
facilitate  the  mucking,  and  with  spring  journals  to  reduce  the 
shock  under  the  'break-ups'  and  to  minimize  derailments. 

From  the  above  synopsis  it  will  be  seen  that  many  of  the 
most  prolific  causes  of  delay  were  eliminated  or  reduced  by 
anticipation  rather  than  by  correction.  The  result  has  been 
most  satisfactory.  The  average  progress  on  the  work,  since 
the  first  heading  was  started  in  the  tunnel  section,  was  420  feet 
per  month  in  each  heading,  with  a  maximum  progress  of  810 
feet  in  thirty-one  working  days  in  one  heading,  and  a  gross 
average  progress  of  1100  feet  per  month. 

In  this  connection  it  is  interesting  to  note  the  effect  of  drill 
carriage  work  on  heading  progress  and  economy.  In  heading 
No.  3-East,  where  the  muck-handling  drill  carriage  was  oper- 
ated for  something  over  six  months,  the  average  progress  for 
the  six  months  prior  to  the  installation  of  the  drill  carriage  was 
only  350  feet  per  month.     The  progress  for  the  six  months 
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after  the  drill  carriage  was  in  operation  averaged  1-85  feet  per 
month,  i.e.,  an  increase  of  38  per  cent.  This  was  accom- 
plished with  one  man  less  actually  employed,  besides  which  the 
saving  in  drill  repairs  and  added  rigidity  of  the  drilling  equip- 
ment, due  to  the  additional  mass,  were  factors  of  very  decided 
economy. 

Figure  4  shows  the  heading,  part  "A"  with  the  drills 
mounted  on  the  bar,  without  the  drill  carriage,  where  the  rock 
was  such  as  not  to  require  the  extra  powerful  drills.  Parts 
"B"  and  "C"  show  the  operation  of  the  muck-handling  drill 
carriage.  In  "B"  the  carriage  is  being  moved  in  (or  out) 
preparatory  to  setting  up;  part  "C"  shows  it  in  place  with  the 
drills  in  operation. 

In  this  carriage  the  drills,  mounted  on  the  horizontal 
bar,  were  supported  at  the  end  of  a  very  stiff  cantilever  beam 
by  a  swivel  clamp,  permitting  the  bar  to  be  swung  around 
almost  parallel  to  the  beam,  while  moving  in  and  out.  The 
cantilever  beam  was  moved  forward  and  backward  through  the 
carriage  by  a  worm  shaft  operated  by  a  motor  supported  on  its 
rear  end.  A  vertical  swing  was  obtained  by  means  of  power- 
ful screw  jacks  under  the  front  roller  just  above  the  front 
trucks,  operated  by  a  motor  at  the  front  of  the  machine.  A 
lateral  swing  was  produced  by  revolving  the  front  and  rear 
rollers,  which  were  threaded  and  supported  the  saddles  through 
which  the  beam  slid,  in  opposite  directions  by  means  of  a  motor 
at  the  rear  of  the  carriage.  Thus  after  the  carriage  had  been 
run  up  to  within  twenty  feet  of  the  face,  one  man,  standing  at 
the  switches,  could  extend  the  beam  and  place  the  drill  bar  as  the 
case  required.  The  muck-handling  device  consisted  simply  of 
a  belt  conveyor,  in  a  separate  frame,  which  slid  through  the 
body  of  the  carriage,  close  to  the  ground,  and  cantilevered  out 
beyond  its  power-car  in  the  rear,  so  that  three  muck  cars  could 
be  run  under  it  to  receive  the  muck  which  the  muckers  shovel 
on  from  the  front  and  sides. 

All  drill  carriage  rails  were  riveted  to  slick  sheets  so  that 
immediately  after  a  blast  the  muckers  could  clear  the  tracks  to 
within  twenty  to  twenty-five  feet  of  the  face,  by  throwing  the 
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muck  to  the  sides,  with  a  minimum  of  time  and  labour.  It 
was  found  that  by  this  method  the  drill  carriage  invariably 
had  the  drills  in  the  heading,  ready  for  the  bar  to  be  jacked  into 
place,  before  the  drillers  had  the  roof  and  sides  scaled  down  and 
the  face  cleared  enough  to  allow  the  bar  to  be  set  up.  It  will 
be  observed  that  as  the  drills  were  never  removed  from  the  bar 
or  disconnected  from  the  manifolds,  and  as  the  manifold  pipes 
were  never  disconnected  from  the  main  feed  hose,  which 
travelled  in  and  out  with  the  drill  carriage,  the  only  air  and 
water  connections,  necessary  in  setting  up,  were  between  these 
large  hoses  and  the  main  air  and  water  supply  pipes  entering 
the  heading.  The  actual  amount  of  labour  eliminated  by  all 
this  is  evident  and  the  effect  on  the  men,  relieving  them  of  the 
necessity  of  carrying  in  the  heavy  equipment,  may  readily  be 
imagined. 

Figure  5  shows  the  simple  drill  carriage  used  in  Heading 
No.  1-West.  Here  the  extremely  hard  igneous  rock  was  not 
encountered  until  the  latter  part  of  the  run,  hence  it  was  not 
economical  to  build  as  expensive  a  carriage  as  in  No.  3-East. 
As  may  be  seen,  the  carriage  consisted  merely  of  two  cars;  the 
first  mounting  a  supporting  roller,  over  v\'hich  the  cantilever 
beam  travelled,  and  the  rear  car  forming  an  "A"  frame  with  a 
roller,  above  the  cantilever  beam,  which  slid  vertically  in  its 
guides.  A  saddle  on  top  of  the  rear  roller,  furnished  the  base 
for  a  jack,  which  re-acted  against  the  heading  roof,  to  give  the 
beam  its  vertical  swing  after  the  carriage  had  been  run  up  to 
within  reach  of  the  face.  The  longitudinal  motion  was  pro- 
duced by  the  locomotive  that  pushed  the  carriage  forward,  and 
which  continued  to  push  against  the  end  of  the  beam  after  the 
carriage  had  been  run  hard  against  the  muck  pile,  thus  extending 
it  through  the  rollers.  The  lateral  motion  was  obtained  by 
sliding  the  beam  by  hand  on  the  front  roller  which  had  a  well 
greased  smooth  surface.  With  this  carriage,  after  the  bar  had 
been  placed  and  jacked  firmly  into  position,  a  short  jack  leg 
was  extended  down  from  the  centre  of  the  bar  to  the  muck  pile, 
to  act  as  an  additional  support.  When  this  was  done  the 
carriage  was  run  back  far  enough  for  the  "A"  frame  to  clear 
the  rear  end   of  the  cantilever  beam,  which  was  then  raised 


EXCAVATIOX   OF    iNIoiXT   RoYAL   TuNNEL    -BuOWN         187 

to  the  heading  roof  by  means  of  a  jack  just  in  front  of  the  for- 
ward roUer.  Here  it  was  supported  by  a  gallows  frame,  con- 
sisting of  a  piece  of  six-inch  pipe  and  two  wooden  horses,  as 
shown  in  the  bottom  part  of  Fignre  5. 

The  same  comments  regarding  connections  and  economies 
mentioned  with  the  muck-handling  drill  carriage  apply  with 
equal  force  to  the  simple  drill  carriage,  except  that  the  latter 
required  slightly  more  muckers  to  handle  an  equivalent  yard- 
age. It  is  interesting  here  to  note  that  it  was  found  to  be  more 
economical,  both  in  time  and  labour,  to  muck  No.  1-West 
Heading  from  the  simple  drill  carriage  track  than  previously 
while  using  two  parallel  tracks,  when  all  the  muck  had  to  be 
handled  over  the  end  of  the  cars.  This  is  probably  due  to  the 
fact  that  in  clearing  the  drill  carriage  tracks  to  within  twenty 
feet  of  the  face,  sufficient  muck  was  thrown  to  the  sides  to 
enable  the  muckers  to  distribute  themselves  around  the  cars 
more  effectively.  In  this  connection,  however,  it  should  be 
mentioned  that  while  the  above  is  true  of  the  average,  in  the 
case  of  the  record  month,  when  810  feet  were  driven,  the  amount 
of  muck  handled  per  mucker  was  higher  than  ever  attained 
during  the  time  of  the  drill  carriage  work.  In  that  case  the 
four  muckers  actually  shovelling  into  the  cars  handled  from 
twelve  to  fifteen  cubic  yards  of  muck  per  shift.  When  it  is 
remembered  that  two  shots  were  fired  per  shift,  which  neces- 
sarily reduced  the  time  of  mucking  from  eight  to  about  six 
hours,  this,  it  will  be  conceded,  was  a  most  remarkable 
performance. 

The  extraordinary  regularity  of  heading  progress,  where 
drill  carriages  are  used  in  uniform  ground,  is  evinced  by  the 
fact  that  the  date  of  the  meeting  of  the  two  headings  under  the 
mountain,  was  correctly  predicted  several  months  in  advance. 
This  is  attributable  probably  to  the  fact  that  the  personal 
equationwas  very  largely  eliminated.  The  use  of  a  bonus  system, 
based  on  progress  attained,  also  kept  the  men  keyed  up  to  the 
highest  pitch  of  efficiency.  The  eff'ect  of  all  this  is  shown  in 
Figure  6,  which  is  a  progress  chart  for  the  last  six  weeks  of  the 
run.  The  abcissse  are  distances,  and  the  ordinates  are  in  time. 
The  posting  was  done  at  regular  weekly  intervals.  The 
remarkable  regularity  of  progress  is  quite  evident. 
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A  lieadinj^  gang  consisted,  normally,  of  a  heading  boss,  with 
four  runners,  four  helpers  and  one  nipper;  a  muck  boss  with 
seven  muckers,  and  two  dinkey  runners.  A  proportion  too 
of  the  time  of  an  electrician  and  pipefitter  should  also  be  in- 
cluded, besides  the  usual  overhead.  The  number  of  holes 
drilled  in  a  heading  varied  from  eighteen,  under  the  best  con- 
ditions, to  twentv-fonr  in  the  very  liard  rock.     It  was  normally 
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Fig.  7. 
Break-up  Procedure.     C.  shows  bottom  centre  heading;    A.  shovis  break-up 
started  and  first  Jumbo  timber  set  up;   D.  shows  break-up  almost  widened 
to  full  size;    B.  shows  drills  working  in  upper  part  of  entry;    E.  shows 
drills  working  in  lower  part  of  entry  and  oa  wings. 


attempted  to  make  an  advance  of  five  feet  per  .shot.  Sixty 
per  cent.  \}4,  Forceite  powder  was  used  with  exploders,  as 
already  described.  \Yhen  the  time  fuses  were  used  the  bottom 
corner  holes  were  always  fired  last  to  throw  the  muck  back  from 
the  face,  thus  expediting  the  setting  up.  Sullivan  reciprocating 
drills  were  used,  varying  from  2^  to  3^  inch  pistons,  as  the 
conditions     demanded.     Hardy     self-rotating     hammer     drills 
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were  used  for  plugging  and  trimming.  The  headings  were 
ventihited  by  Root  blowers  using  the  plenum  system.  No  men 
were  killed  in  the  lunnel  heading  proper  and  there  were  no 
serious  aeeidents  eauseil  by  explosives. 

Break-up   Excavation. 

At  the  'break-ups,'  as  already  mentioned,  jumbo  timbers 
are  placed  (see  Fig.  C)  through  which  the  muck  may  be  gravit- 
ated into  the  cars  below.  This  timbering  consists  of  posts, 
along  the  sides  of  the  gangway,  with  wall  plates  supporting 
heavy  cross  caps  upon  which  a  very  heavy  plank  floor  is  laid. 
In  this  floor  a  continuous  opening  is  left  directly  over  the 
centre  of  the  track  which  is  to  be  devoted  to  mucking,  short 
cross  planks  being  used  to  cover  this  'hatch'  when  not  in  use. 
As  the  break-up  work  progresses  the  jumbo  timbers  are  taken 
down  and  moved  ahead.  Since  the  breakage  is  comparatively 
small  this  timber  is  often  actually  worn  out  by  continued  re-use. 

Figure  7  shows  the  various  steps  in  opening  and  prosecuting 
break-up  excavation.  These  are  opened,  usually  at  intervals 
of  from  five  to  eight  hundred  feet  apart  and  driven  in  both 
directions  until  they  meet  those  adjoining.  After  the  break-up 
has  been  enlarged  to  its  normal  size  and  the  work  becomes 
regular  the  method  of  procedure  is  as  follows:  After  blasting 
(both  ends)  the  muckers  start  cleaning  up  the  scattered  muck 
and  working  toward  the  (say)  west  end,  dropping  it  through  the 
jumbo  timbers  into  the  cars  in  the  gang-way  below.  At  the 
same  time,  the  drillers  carry  the  equipment  up  to  the  west 
face  in  the  entry  and  set  up  over  the  muck  in  a  manner  similar 
to  the  heading  practice,  except  that  three  drills  are  mounted  on 
the  bar  instead  of  four.  From  this  set-up  the  upper  part  of 
the  entry  is  drilled  before  the  muckers  have  begun  to  under- 
mine the  drillers.  As  soon  as  this  drilling  is  accomplished,  the 
drillers  take  down  and  move  over  to  the  other  end  of  the  break- 
up where  they  repeat  the  operation,  drilling  the  upper  part  of  the 
east  entry.  By  the  time  this  is  accomplished  the  muckers  have 
completed  clearing  out  the  west  end  and  have  made  a  start  on 
the  east  end.     Now  the  drillers  move  back  again  to  the  west 
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end,  setting  up  for  the  bottom  holes  which  are  completed  by 
the  time  the  muckers  have  cleared  the  east  entry  when  the 
drillers  move  back  to  the  east  end  and  drill  the  bottom  holes 
there.  While  this  is  being  done  the  muckers  are  clearing  up  the 
benches  and  preparing  for  blasting.  One  machine  will  drill 
up  two  wing  walls  while  the  procedure  just  described  is  in 
progress,  so  that  the  normal  drilling  gang  consists  of  one  drill 
boss,  five  drillers,  five  helpers,  and  one  nipper. 

After  full-sized  'break-ups'  had  been  excavated  east  of  the 
west  portal,  to  give  ample  lead  for  the  bench  drilling  and  steam 
shovel  excavation,  one  driller  was  laid  off  each  shift  and  the 
wings  were  excavated  on  only  one  side  of  the  break-up,  since 
the  other  wing  could  be  economically  left  to  be  removed  by  the 
steam  shovel.  This  gave  a  particular  economy  in  mucking 
since,  with  one  wing  left  in  place,  the  shooting  of  the  wing, 
excavated  with  the  break-up,  piled  all  the  muck  directly  over  the 
heading  on  the  side  where  the  muck  hatch  had  been  arranged. 
The  mucking  shift  consists  of  one  muck  boss,  and  four  muckers. 
Usually  there  are  three  muck  shifts  to  two  drill  shifts,  since  the 
problem  of  transportation  furnished  the  limiting  factor  in 
handling  the  muck. 

In  the  break-ups  time  fuses  with  electric  igniters  were 
used  almost  exclusively.  These  fuses  were  purchased  already 
cut  to  definite  length,  ranging  from  four  inches  up  to  two-inch 
intervals.  Each  fuse  was  tagged  with  a  number  corresponding 
to  its  length  and  attached  to  its  igniter  when  delivered  by  the 
Canadian  Explosives,  Ltd.  The  great  value  of  the  electrically 
ignited  time  fuses  lies  in  the  fact  that,  (1st)  the  holes  being  fired 
in  rotation  this  reduces  the  shock  to  the  jumbo  timbers;  (2nd) 
the  blasters  do  not  require  to  return  repeatedly  into  the  smoke 
laden  atmosphere,  which  practice  is  detrimental  to  their 
efiiciency ;  and  (3rd)  by  igniting  thus  electrically  the  fuse  lengths 
are  so  short  that  there  is  practically  no  danger  from  cut  off 
holes.  It  is  interesting  to  note,  in  connection  with  explosives, 
that  while  the  heading  excavation  consumed  approximately 
six  pounds  of  60  per  cent,  powder  per  cubic  yard,  place  measure- 
ment, the  break-up  consumes  only  one. 


Fig.  3. 
Drilling  in  Heading  No.  3  East   (from   West  Portal). 
The  photograph  shows  the  employment  of  the  nuick-handling  drill  carriage. 


Fig.  10. 
O'Rourke  Concrete  Blocks  as  set  up  in  Shop. 
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While  many  l)r;m(ls  ol"  explosives  have  heeii  tried  on  this 
work,  only  one  has  yet  l)een  t'onnd  eonii)arahh'  to  Forceite. 
A  new  powder,  ealKnl  Minite.  manutaelured  by  the  Olympic 
Powder  Co.,  Ltd.,  of  Deseronio,  Ontario,  has  just  been  tested 
with  such  satisfactory  results  that  a  considera))Ie  (|uantily  has 
been  ordered  with  a  view  to  continuing  the  tests  under  ordinary 
working  conditions.  Minite  is  not  a  nitro-glycerine  powder, 
and  the  trouble  from  fumes,  so  common  with  most  tunnel 
expkisives,  seems  in  tliis  case  to  have  been  entirely  ehminated. 
While  with  this  exj)losive  there  is  considerable  smoke  that  is 
hot  and  somewhat  disagreeable  when  large  quantities  of 
powder  are  exploded  in  a  confined  space,  it  (juickly  cools  and 
causes  no  headaches  or  ill  effects  w^iatever.  Another  great 
virtue,  having  regard  in  particular  to  the  climate  of  Eastern 
Canada,  is  that  Minite  is  not  affected  by  temperature.  The 
powder  explodes  just  as  well  when  frozen  solidly  as  when  soft. 
It  seems,  moreover,  to  be  very  safe  to  handle,  since  an  extremely 
heavy  shock  is  required  to  explode  it  and  it  cannot  be  exploded 
by  fire.  This  explosive  will  presumably  be  manufactured 
eventually  in  all  strengths,  and  as  the  manufacturers  have 
succeeded  in  eliminating  the  poisonous  fumes,  it  is  quite 
possible  that  the  deficiency  in  respect  of  smoke  produced  will 
also  be  minimized.  Special  reference  is  made  here  to  the  explo- 
sive because  all  tunnel  and  mining  men  are  living  in  hopes  of 
sometime  finding  a  powder  "without  a  headache  in  it;"  and 
secondly,  because  the  powder  was  more  or  less  especially 
devised  for  use  in  the  driving  of  Mount  Royal  tunnel  through 
the  personal  interest  of  Sir  Donald  Mann. 

Bench  Excavation. 

As  already  mentioned,  the  benches  will  be  removed 
throughout  the  major  part  of  the  tunnel  by  a  model  41  INIarion 
steam  shovel,  operated  by  compressed  air.  This  work  will  not 
be  started  until  the  break-up  excavation  is  practically  com- 
pleted, since  all  traffic  through  the  heading  will  necessarily 
stop  as  soon  as  blasting  is  commenced  on  the  benches.  The 
benches  will  be  blasted  well  in  advance  of  the  steam  shovel,  so 
that  no  delay  will  be  caused  thereby  to  its  regular  operation. 
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In  drilling  the  benches,  channel  holes  will  be  drilled  along 
the  haunch,  just  outside  the  neat  line  of  excavation,  where  roof 
lining  is  required.  This  is  done  to  give  close  and  regular  wall 
clearance  with  a  hitch  at  the  springing  line  to  form  a  support  for 
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Fig.  9. 
Diagram  of  Shield;    the  arrangement  of  jacks  is  also  shown. 


the  arch.  In  other  places,  while  line  holes  will  be  drilled,  no 
effort  will  be  made  at  channeling.  As  the  benches  are  already 
very  much  shaken  by  the  heading  and  break-up  excavation, 
the  amount  of  powder  required  will  be  small. 
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Where  one  wing  has  been  left  in  tlie  hreak-np  the  j^rocedure 
will  be  generally  as  follows:  (1st)  the  exposed  bench  will  be 
drilled  and  shot;  C^nd)  the  wing  wall  will  be  drilled  and  shot 
over  on  toj)  of  the  shattered  bench  and  lastly  the  remaining 
bench  will  be  drilled  and  shot. 

It  is  evident  that  extremely  high  efficiency  will  be  required 
from  the  shovel  in  order  to  finish   without  delaving  the  final 
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completion  of  the  tunnel.  The  {)rincipal  source  of  delay,  or 
inefficiency,  in  shovel  work  underground,  i.s  in  delays  caused  by 
blasting,  and  in  the  time  consumed  in  spotting  and  shifting  cars 
at  the  shovel  itself.  The  first  will  be  avoided  by  shooting  the 
benches  well  in  advance.  The  second  will  be  reduced  by  double- 
tracking  the  muck  track  (see  Fig.  8)  up  to  the  rear  of  the  shovel, 
where  a  spring  switch  will  be  placed  with  arrangements  to 
snap  the  loaded  cars  })ack  from  the  shovel,  as  fast  as  they  are 
loaded,  the  empties  being  s{)otled  by  the  locomotives  from  the 
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incoming  left-hand  track.  In  order  that  this  work  shall  be 
done  with  desirable  rapidity  the  switch  will  require  to  be  moved 
forward  almost  as  often  as  the  shovel.  This  is  accomplished  by 
having  the  switch  and  loading  rails  riveted  to  a  single  slick  sheet, 
which  is  drawn  ahead  by  a  cable  reeved  through  a  snatch  block 
fastened  into  the  elctrical  troUej'^  provisions  in  the  tunnel  roof 
ahead.  By  this  method,  it  is  hoped  that  an  empty  car  may  be 
kept  at  the  shovel  almost  continuously,  in  spite  of  the  narrow 
clearance  and  absence  of  tail  track.  V/licre  large  stones  are 
encountered  they  will  be  rolled  aside  to  be  broken  and  loaded 
by  hand. 

Shield  Excavation. 

The  excavation  at  the  city  end  is  by  far  the  most  difficult 
tunnelling  problem  that  will  be  encountered  on  this  work. 
For  nearly  a  quarter  of  a  mile,  the  rock  varies  from  sub-grade 
to  about  the  height  of  tlie  cxtrados  of  the  arch.  The  rock  is 
stratified  Trenton  limestone  oveilain  l)y  clay,  sand,  and  boul- 
ders in  all  conditions  of  saturation.  Fortunately  the  ground 
immediately  above  the  rock  is  a  very  hard  dry  yellow  clay 
which,  thus  far,  appears  to  be  absolutely  impervious  to  moisture 
and  stands  up  almost  as  well  as  the  rock  on  which  it  rests. 
Another  advantageous  point  is  that  for  the  greater  part  of  the 
distance  the  rock  surface  is  ap})roximately  at  the  springing  line 
of  the  arch. 

The  shield  as  designed  (see  Fig.  9)  is  a  roof  shield  following 
the  general  outline  of  the  tunnel  lining.  This  lining  (see  Fig. 
10)  designed  by  John  F.  O'Rourke,  is  to  be  of  concrete  blocks, 
twenty-four  inches  thick  by  twenty-seven  inches  long,  in  the 
direction  of  the  movement  of  the  shield.  They  have  tenons  and 
sockets  which  interlock  so  as  to  give  added  rigidity  to  the  arch. 
The  joints  have  wooden  bearing  strips  in  the  joints  at  the  outer 
surface,  and  the  joints,  about  13^4  inches  wide,  are  to  be  filled 
by  means  of  a  cement  gum. 

The  shield  itself  is  of  very  massive  construction,  designed 
to  support  4000  pounds  per  square  foot  with  a  simple  central 
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supj)orl.  Tho  main  bearing  of  \\\c  shield  is  on  a  centre  row  of 
'ir  .section  colnmns  which  are  capped  by  a  girder  with  an  in- 
verted channel  on  top  to  form  a  trough  in  which  the  shoe  of  the 
shield  will  slide.  While  bearings  will  be  provided  at  the 
haunche-s  these  are  expected  to  be  of  more  use  in  guiding  and 
balancing  than  in  supporting  the  actual  load.  The  movement 
of  the  shield  is  produced,  as  usual,  by  hydraulic  jacks  working 
under  a  pressure  up  to  about  GOOO  pounds  per  square  inch. 
The  blocks  will  also  be  handled  by  a  hydraulic  erector  somewhat 
similar  to  those  employed  in  cast-iron  lined  sub-aqeous  tunnel- 
ling work. 

When  boulders  are  encountered,  special  steel  poling  boards 
at  the  cutting  edge  of  the  shield  are  so  arranged  that  they  may  be 
advanced  on  each  side  of  the  obstruction  until  it  is  removed, 
thus  reducing  the  usual  delay  in  moving  ahead. 

Figure  11  shows  a  rough  sectional  perspective  of  the  shield 
work  from  a  rearwardly  position. 

As  the  shield  excavation  amounts  to  some  twelve  or  thir- 
teen cubic  yards  per  foot  of  tunnel,  without  counting  the 
benches,  and  as  speed,  here  as  elsewhere,  is  a  governing  factor, 
a  preliminary  break-up  directly  over  the  present  heading  will 
be  carried  through  the  majority  of  that  portion  of  the  tunnel 
where  the  shield  is  to  be  used.  This  break-up  answers  several 
important  purposes:  (1)  it  reduces  the  actual  yardage  to  be 
removed  as  the  shield  progresses;  (2)  it  permits  the  rock 
excavation  to  be  drilled  from  the  break-up,  in  front  of  the  shield, 
and  well  in  advance;  (3)  it  forms  an  extra  gang-way,  on  top  of 
jumbo  timbers,  for  the  removal  of  muck;  and  (4)  it  enables  the 
central  supporting  columns  and  girders  to  be  ordinarily  erected 
well  in  advance  of  the  shield.  In  many  places  the  columns  and 
girders  cannot  be  thus  erected,  as  where  the  rock  surface  is 
low  it  will  not  be  safe  to  drive  the  break-up  into  the  soft  ground 
above  if  there  is  any  evidence  of  moisture.  At  the  eastern  end 
of  the  shield  section,  opposite  from  where  the  shield  is  started, 
the  upper  tracks  will  be  diverted  from  the  jumbo  timbers  to  the 
side  bench,  and  brought  down  to  sub-grade  where  they  will 
connect  with  the  regular  heading  tracks  for  purposes  of  dis- 
posal. 

(M) 
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Special  Section. 

In  the  approach  to  the  passenger  terminal  site,  at  Cathcart 
St.,  the  tunnel  section  broadens  out,  requiring  special  methods 
both  in  excavation  and  construction.  In  general,  this  section 
will  consist  of  steel  columns  supporting  steel  roof  beams  and 
girders,  all  of  which  will  be  incased  in  rather  massive  concrete. 
The  excavation  will  be  carried  on  from  an  opening  at  the  East 
(south)  side  of  Cathcart  Street.  The  section  will  be  opeL?d 
for  its  full  width  and  the  first  few  bents  of  steel  erected  with  the 
aid  of  ordinary  timbering.  After  this,  steel  sheeting  will  be 
driven  around  the  sides  and  roof,  longitudinally,  like  an  envel- 
ope. The  steel  sheeting  will  be  advanced  individually  by  jacks 
and  the  succeeding  structural  steel  work  erected  and  concrete 
placed,  as  the  excavation  progresses. 

Plant. 

The  drilling  equipment  has  already  been  described. 

The  compressing  plants  (see  Fig.  12)  consist  of  Blaisdell  & 
Sullivan  cross  compound  compressors  which  deliver  air  at  110 
pounds  per  square  inch.  At  the  West  portal  there  are  four  of 
the  former  units,  belted  to  Canadian  G.E.  motors,  each  rated 
at  1100  cubic  feet  of  free  air  per  minute,  and  one  of  the  latter, 
directly  connected  to  a  Canadian  G.E.  motor,  with  a  capacity 
of  2200  cubic  feet  of  free  air  per  minute.  At  the  city  end  the 
plant  consists  of  two  of  the  former  and  one  of  the  latter,  similar 
in  size  and  arrangement. 

Hoists  of  various  types  are  used,  the  only  one  that  has 
given  complete  satisfaction  being  a  Lidgerwood  iu  use  at  the 
Maplewood  Ave.  Shaft,  240  feet  deep. 

The  pumps  generally  in  use  are  Cameron,  which  are  giving 
excellent  service,  as  is  usually  the  case.  A  six-inch  high  head 
Lawrence  centrifugal  is  also  giving  very  satisfactory  results. 

As  a  result  of  experience  with  locomotives  in  use  on  this 
work  much  has  been  learned  and  suffered.  Gasoline  loco- 
motives were  utilized  at  first  but  proved  very  unsatisfactory  as 
regards  hauling  capacity  and  maintenance,  (with  the  further 
disadvantage     that     they     produced    fumes).        Later    these 
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wore  rlianged  over  to  electric  storage  battery  power.  In  this 
form  they  proved  more  efficient  hut  were  only  economical  on 
short  hauls  with  comparatively  light  loads.  The  battery 
maintenance  was  severe.  As  the  haul  increased  and  the 
break-up  excavation  developed,  several  of  these  locomotives 
were  changed  again  to  trolley  locomotives.  Thus  converted 
they  were  entirely  efficient.  In  addition  to  six  of  these  con- 
verted o-ton  locomotives,  two  lO-ton  and  one  8-ton  trolley 
locomotives  were  purchased  from  the  General  Electric  Company 
and  two  interchangeable  locomotives,  5-ton  battery  or  8-ton 
trolley,  were  made  on  the  job  (see  Fig.  13).  All  the  trolley 
locomotives  gave  satisfactory  results. 

The  track  is  36'guage,  and  40  pound  rails  are  used. 

The  shops,  (see  Fig.  14)  mainly  at  the  West  Portal,  are 
equipped  with  Word  drill  sharpners,  steam  hammer,  shears  and 
punch,  pipe  and  bolt  threading  machines,  wet  and  dry  emery 
and  grinding  wheels,  power  hack  saws,  36  in.  radial  drills  and 
small  power  drill  presses,  lathings  ranging  from  12  to  60  inches, 
a  sharper,  an  oxy-acetylene  apparatus,  band  and  circular 
saws  and  the  usual  assortment  of  pneumatic  and  small  tools. 

All  the  rock  from  the  tunnel  is  crushed  for  concrete  stone. 
At  the  city  end  the  crushing  is  sub-let,  so  that  the  Tunnel 
Company's  responsibility  ceases  at  the  top  of  the  Dorchester 
Street  shaft.  At  the  West  portal  all  muck  coming  from  the 
tunnel  passes  up  an  incline  to  a  pair  of  automatic,  pneumatically 
controlled,  tipples  which  dump  the  stone  into  the  crushers  and 
release  the  cars,  which  return  by  way  of  a  switchback  down  a 
parallel  incline,  to  the  cut.  The  crushing  plant  consists  of  two 
No.  7  and  one  No.  4  Kennedy  gyratories  with  an  elaborate 
distributing  system  for  piling  the  various  sizes  in  their  respective 
piles  (see  Fig.  15).  The  only  interesting  feature  here  is  the 
substitution  of  cable  suspension  for  the  ordinary  post  and  truss 
supports  to  carry  the  belt  conveyors  in  the  course  of  distribu- 
tion. 

Conclusion. 
In  this  paper  only  methods  and  procedure  of  actual  opera- 
tion   have    been    described.     Unnecessary    details    concerning 
practice  have  been  omitted  advisedly.     It  may  be  succinctly 
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stated  that  the  rather  remarkable  progress  made  and  economi- 
cal results  achieved  in  the  prosecution  of  the  work,  in  spite 
of  the  extremely  irregular  and  difficult  ground  that  was  en- 
countered, are  attributable  to:  (1)  The  methods  adopted,  after 
very  careful  and  quite  exhaustive  study,  were  eminently 
suited  to  the  conditions,  and  have  not  been  changed  since  the 
work  was  commenced;  (2)  The  bonus  system  as  applied,  while 
it  encouraged  the  men  to  continued  and  maximum  effort  was  so 
devised  that  it  actually  decreased  the  unit  cost;  (3)  The 
writer  has  been  extremely  fortunate  in  his  associates,  both  as  to 
his  principals,  who  have  given  him  almost  untrammeled 
freedom,  combined  with  their  entire  confidence,  co-operation 
land  advice:  and  to  his  assistants  to  whose  loyalty  and  unusua 
abilities  the  success  of  the  undertaking  is  in  a  large  measure  due. 


SAMPLING  OF  THE  COBALT  SILVER  ORES. 
By  C.  St.   G.   Campbell,  Cobalt,  Ont. 

Aiinitql  Mecfinp,  Montreal.  191/, 

The  following  thesis  deals  with  the  valuation  of  the  high 
grade  silver  ore  shipments  from  the  Cobalt  mines;  and  in- 
dicates the  result  of  four  years  actual  operation  on  these  ores 
by  the  Cobalt  Custom  Sampler. 

These  ores  vary  greatly  in  class;  each  class  having  a 
characteristic  and  complex  nature.  A  collection  of  ore  samples 
has  been  made,  each  specimen  representing  a  distinctive 
ore.  Although  two  dozen  samples  have  been  obt^ained  thus, 
the  collection  is  still  incomplete,  since  it  does  not  contain  samples 
of  the  mill  products,  which,  strictly  speaking,  are  not  ores,  but 
which  come  within  the  province  of  this  discussion. 

Difficulty  is  met  in  the  sampling  owing  principally  to 
the  presence  throughout  the  gangue  of  metallic  silver,  which 
represents  the  values  almost  entirely.  For  sampling  purposes 
the  rarer  silver  minerals  and  arsenides  do  not  present  any  new 
difficulty. 

The  high  value  of  the  product  necessitates  great  care  in 
manipulation  to  ensure  accuracy  and  to  avoid  possible  loss  in 
dusting. 

The  physical  nature  of  the  pulverized  ore  is  a  factor  to  be 
considered,  inasmuch  as  it  varies  from  wet  or  dry  impalpable 
dust  to  freely  moving  sand.  Some  ores  behave  as  if  composed  of 
small  acicular  particles  which  intermesh  in  the  manner  of  a  heap 
of  pins.  This  variation  in  the  nature  of  the  pulverized  ore  is 
important  in  direct  proportion  to  the  difficulty  in  inducing  it 
to  flow  from  the  feed  tanks  and  to  pass  freely  through  the 
various  machines. 
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The  following  table  shows  the  distribution  of  weights  and 
values  of  ores  of  three  types  as  determined  by  screen  analysis. 
"W"  represents  the  percentage  weight  of  screen  product; 
"D"  represents  the  percentage  of  the  value  contained  by  each 
screen  product. 


Screen  Products 

-8  +  40 

-40  +  80 

—80  +  100 

-100  +  200 

-200 

Description 

Assay 
oz.  ton 

w 

D 

W 

D 

w 

7.7 
4.0 
2.6 

D 

5.5 

2.2 
0.9 

W 

D 

W 

7.8 
7.5 
5.1 

D 

C-54  Table  Cone. 
C-57  Graded  Ore 
C-69  Picked  Ore 

454 
1047 
4189 

7.1 

40.4 
43.3 

20.0 
66.1 
81.0 

17.0 
19.0 
20.3 

21.0 
14.9 
12.1 

20.0 
9.2 
8.6 

16.54 

4.22 
2.52 

37.0 

12.7 

3.8 

To  illustrate  the  effect  of  the  metallic  silver,  let  it  be 
supposed  that  we  proceed  to  crush  a  car  lot  to  successive  sizes 
and  extract  a  sample  at  each  stage  of  crushing,  of  course  crush- 
ing the  sample  only.  The  malleable  silver  which  occurs  in  all 
quantities  from  infinitesimal  particles  up  to  large  slabs  of 
silver  is  not  crushed  and  so  not  reduced  with  the  friable  part  of 
the  ore.  Two  courses  are  open:  The  metallics  which  constitute 
an  oversize  after  each  crushing  may  be  screened  off,  and  after 
determining  their  proportionate  weight  to  the  material  from 
which  they  were  extracted,  they  may  be  melted  and  the  resulting 
bullion,  slag,  and  speiss  sampled  separately.  The  proportionate 
part  which  their  values  bear  to  the  value  of  the  total  sample 
at  that  stage  can  then  be  computed.  Hence  with  each  reduction 
in  the  size  of  the  particles  of  the  sample  this  method  would  be 
employed  until  the  residual  powder  was  fine  enough  for  assay. 

To  the  assay  of  the  pulp  would  be  added  the  assay  of  each 
of  the  sets  of  metallics  extracted  in  the  sampling  operations. 
The  second  method  consists  in  cutting  up  the  oversize 
metallic  silver  to  reduce  it  to  the  size  of  the  crushed  material. 
It  is  not  practical  to  employ  these  methods  without  modifi- 
cation. 

The  system  employed  by  the  Canadian  Copper  Company 
consisted  in  grinding  all  the  ore  in  an  Allis-Chalmers  ball  mill, 
which  crushed  the  friable  material  to  16  mesh  and  retained  the 
metallics  above  this  size  on  screens  in  the  interior  of  the  mill. 
The  ground  material  was  then  passed  over  a  Snyder  sampler 
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The  resulting  .sain])le  wus.sj)lil  in  half,  and  each  half  coned  and 
quartered  and  finally  riffled  to  about  a  twenty  pound  sample, 
which  was  ground  in  a  Sturtcvant  disc  grinder  to  100  mesh; 
another  set  of  motallics  showing  thereon.  The  metallics  from 
the  ball  mill  were  melted  and  the  resulting  bars  of  bullion 
sampled.  The  metallics  from  tlie  100  mesh  screen  were  weighed 
as  was  also  the  pulp.      Each  product  was  assayed,  and  the  com- 


Figure  I.     Cobalt  Sampler 

posite  assay  value  of  the  twenty  pound  sample  computed. 
This  gave  the  valuation  of  the  ground  material  from  the  ball 
mill.  This  process  was  installed  at  Deloro  and  subsequently 
the  principle  of  two  stage  crushing  by  ball  mill  and  disc  grinder^ 
was  adopted  in  our  sampling  mill  at  Cobalt. 

Ledoux  &  Company  employed  a  combination  of  the  two 
methods.  They  screened  off  metallics  on  a  3/^"  screen  and  treated 
them  separately;    and  cut  up  the  smaller  metallics  as  they  ap- 

iThe  disc  grinder  to  a  great  extent  cuts  up  the  metallics  in  the   No.  8 
mesh  pioduct. 
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peared  at  .the  successive  stages  of  crushing.  This  process  is 
explained  in  an  article  by  Dr.  A.  Ledoux,  in  the  Canadian  Min- 
ing Journal  of  July  1st,  1907.  Dr.  Ledoux  used  the  ridge- 
shovel  method  repeating  the  operation  three  times  on  the  re- 
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jects,  thus  obtaining  four  valuations.  He  reported  that  the 
method  gave  a  fair  agreement  between  the  four  valuations,  the 
mean  of  which  was  taken  in  settlement. 

To  quote  Dr.  Ledoux  to  whom  the  credit  is  due  for  initiating 
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the  method  «)1"  iiiakin<i,'  t'oiir  sopanile  sam{)lings  of  the  ore  lot: 
^'Automatic  sain|)liii^'  devices  (•ultiii<«;  out  a  fraction  of  the 
lot,  which  is  sid)se(iuently  sainph'd  down  by  any  method,  do 
not  admit  ol"  takini^"  more  than  one  sampk'  of  the  'whole'  lot, 
starting  ])raclically  from  the  he<;innin<>;  each  time.  The  as- 
sumption is  that  tlie  fraction  taken  mechanically  must  accurate- 
ly represent  the  whole.  In  many  works,  mechanical  samplers 
are  set  to  take  out  one-tenth,  and  from  two  to  four  samples  of 
this  tenth  are  subsequently  cut  out  for  duplicate  or  quaduplicate 
assays,  but  by  the  slower  and  more  tedious  hand  sampling,  four 
■'original'  samples  may  be  taken,  starting  in  each  case  from  the 
beginning." 

In  designing  the  Cobalt  sampling  mill,  a  machine  was  de- 
vised which  fulfilled  the  want  mentioned  above;  a  machine  that 
divides  the  ore  lot  into  four  separate  quarters  in  the  same  manner 
as  a  Vezin  sampler  divides  it  into  sample  and  reject.  This 
quartering  machine  w  ill  be  described  later. 

The  Custom  Sampler  at  Cobalt  was  designed  by  Mr. 
H.  J.  Deyell  and  the  writer  for  the  purpose  of  acting  as  settle- 
ment sampler  between  mine  and  smelter. 

Flow  Sheet. 

The  methods  outlined  in  the  accompanying  flow  sheet  are 
now  employed  at  the  Cobalt  sampling  works. 

To  summarize  briefly:  The  process  consists  in  crushing 
the  ore  in  a  jaw  crusher  and  ball  mill  to  8  mesh.  The  ball 
mill  automatically  screens  oft'  the  metallics;  or,  if  the  product 
is  a  table  or  slime  concentrate,  it  is  dried  by  steam  pipes  and 
passed  to  a  trommel.  Thenceforward  both  products  are 
treated  alike.  The  ground  ore  passes  to  the  quartering  machin^ 
w^hich  continuously  divides  it  into  jour  streams.  These  are 
then  sampled  separately  to  1-1000  of  their  bulk  by  Vezin 
samplers  and  each  finished  and  assayed.  The  mean  of  the 
assays  of  the  four  samples  gives  the  valuation  of  the  ball  mill 
fines.  The  metallics  are  extracted  from  the  ball  mill,  melted 
and  sampled  separately. 

Diagram  3  illustrates  the  method  of  sampling  the  ground 
ore. 
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Figure  3.     Diagramatic  Flow  Sheet 
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Details  of  the  Process. 

The  more  interesting  divisions  may  now  be  discussed  in 
order: 

Ball  Mill. — The  Abbe  Engineering  Company  have  kindly 
prepared  drawings  of  this  machine,  which  differs  from  their 
ordinary  ball  mill.  It  is  a  size  larger,  and  consists  of  a  cylin- 
drical drum  revolving  horizontally  on  a  trunnion  bearing  at  one 
end  and  on  idlers  at  the  other.  The  inside  of  the  cylinder  is 
lined  with  twelve  steel  plates  arranged  lengthwise  in  the  form 
of  steps  about  3"  high.  The  ore  which  has  passed  the  Buchanan 
crusher  set  to  1^"  ring,  is  fed  through  the  trunnion  bearing, 
falling  thence  to  the  bottom  of  the  cylinder  to  mix  with  steel 
balls.  The  discharge  end  of  the  cylinder  is  equipped  with 
screens  consisting  of  a  spiral  chamber  having  as  its  inner  casing 
a  steel  plate  and  an  outer  casing  of  8  mesh  wire  screen  (wire  — 
0.056",  aperture  =  0.069"). 

The  ground  material  with  some  oversize  passes  from  the 
grinding  chamber  through  small  openings  into  the  spiral  screen- 
ing chamber  at  its  largest  diameter  and  is  caused,  by  the  revolu- 
tion of  the  mill,  to  work  to  the  centre  or  axis  of  the  machine. 
The  screens  form  a  line  of  division  between  two  paths  of  flow. 
The  oversize  on  the  screen  is  discharged  into  a  pipe  fitted  with  a 
spiral  which  returns  it  into  the  grinding  chamber;  the  under- 
size  is  discharged  at  the  extreme  end  of  the  mill  through  a  pipe 
fixed  at  the  axis  of  rotation.  Hence  material  cannot  escape 
from  the  mill  until  it  has  been  reduced  to  the  requisite  degree 
of  fineness.  The  mill  requires  about  35  h.p.  to  start  it  and  25 
h.p.  while  in  operation.  It  has  a  varying  capacity  of  from  one 
to  two  and  a  half  tons  per  hour,  depending  on  the  nature  of  the 
ore  with  regard  to  moisture  and  the  quantity  of  large  silver 
metallics.  Frequently  it  is  found  impossible  to  crush  lumps  of 
ore,  which  consist  chiefly  of  solid  silver.  These  lumps  are 
placed  in  the  ball  mill  by  hand  and  are  greatly  reduced  by  the 
impact  of  the  balls  which  seem  to  produce  lines  of  weakness. 
Given  sufficient  time  all  the  metallic  silver  would  pass  the 
screens.  This  practice,  however,  is  not  economical.  The  value 
of  the  ore  is  not  a  strict  criterion  of  the  amount  of  the  metallics 
retained  in  the  ball  mill.     The  Temiskaming  and  Beaver  ores. 
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for  instance,  arc  (juitc  friable,  being  composed  of  wliat  might  be 
called  a  silver  sponge.  The  Crown  Reserve  and  McKinley- 
Darragh  ores  on  the  other  hand  produce  a  great  quantity  of 
silver  metallics  on  the  screen — a  ton  of  metallic  oversize  not 
being  infrequent  in  the  early  days.  In  one  shipment  from  the 
latter  4772  pounds  were  recovered  from  25.9  tons  of  ore. 
The  silver  metallics  thus  obtained  average  about  55%  to 
60%  fine  silver.  Some  ores  produce  a  great  quantity  of  nodules 
having  the  character  of  reinforced  concrete,  the  smaltite  being 
held  together  with  a  network  of  silver.  This  is  almost  the 
limit  of  'uncrushability.'  Owing  to  the  continuous  burden 
of  metallic  silver  and  pieces  of  iron  passing  over  the  screens, 
it  has  been  found  necessary  to  use  a  special  high  carbon  crucible 
cast  steel  wire  cloth.  In  practice  it  is  not  possible, 
on  account  of  leakage,  to  prevent  oversize  from  dis- 
charging from  the  mill.  A  trommel,  about  two  feet  long,  is 
attached  to  the  discharge  spout  and  revolves  inside  a  stationary 
hopper  which  directs  the  undersize  to  a  hopper  bottom  car  and 
the  oversize  to  a  bucket.  This  oversize  is  returned  to  the  mill 
for  regrinding.  A  slight  draft  of  air  is  directed  through  the 
mill  at  the  discharge  end.  Any  dust  is  then  caught  in  a  trap 
before  it  reaches  the  fan.  The  effects  of  this  current  of  air  are: 
the  dust  is  kept  down,  the  mill  is  kept  cool  and  the  ore  is  dried. 
By  means  of  a  hand  hole  a  section  of  the  inner  screen  may  be 
removed  permitting  the  oversize  to  pass  into  the  undersize 
chamber  and  so  to  the  outside  of  the  mill.  In  this  way  an 
undue  accumulation  of  metallics  is  prevented  which  otherwise 
would  greatly  reduce  the  grinding  capacity  of  the  mill.  The 
wearing  of  the  steps  in  the  grinding  chamber  diminishes  the 
efficiency  of  the  mill.  The  usual  charge  of  balls  (5"  diam.)  is 
about  one  ton;  with  the  more  friable  ores  this  weight  is  reduced 
considerably.  All  wearing  parts  including  the  balls  are  made  of 
chrome  steel.  The  grinding  plates  last  about  twelve  months. 
The  screening  capacity  of  this  mill  is  slightly  greater  than  the 
crushing  capacity;  with  very  wet  ores,  however,  a  great  pro- 
portion of  possible  undersize  is  returned  to  the  grinding  chamber, 
thereby  reducing  the  efficiency  of  the  machine.  For  purpose  of 
cleaning,  the  whole  screening  chamber  is  swung  up  on  hinges, 
exposing  the  interior  of  the  grinding  chamber  from  which  the 
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balls  are  removed  and  the  oversize  cleaned  out.  It  speaks 
well  for  the  air  draft  used,  that  a  workman  may  enter  the 
cylinder  and  handle  the  steel  balls  without  discomfort  as  soon 
as  the  mill  is  opened,  which  is  fifteen  minutes  after  the  grinding 
ceases. 

Sampling  of  Ball  Mill  Metallics. — It  is  not  necessary  to 
deal  at  length  with  this  department.  The  metallics  are  melted 
merely  to  render  them  homogeneous  for  sampling.  Sampling 
when    the    mixture    was    molten    gave    unsatisfactory    results. 


\ 


Figure  5. 

The  bullion  cooled  into  ingots  is  now  drilled  with  ^"  bit  at 
three  points  on  the  centre  line  of  the  ingot,  vertically  and  along 
its  length.  This  gives  a  very  satisfactory  agreement  in  assay 
results.  In  all  bullion  produced  in  Cobalt  it  is  not  possible  to 
get  perfect  homogeneity.  Segregation  in  the  bullion  varies 
greatly  with  the  percentage  of  constituent  impurities.  It  is 
assumed  that  only  electrolytic  silver  would  be  entirely  homo- 
geneous. At  the  works  no  attempt  is  made  to  refine  ;  conse- 
quently some  difficulty  is  found  at  times  in  obtaining  good  clean 
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bars.  Ofcasioiially  the  charge  must  be  melted  several  times 
with  flux.  The  furnace  used  is  a  No.  275  Steel  Harvey  tilting 
furnace.  Considering  that  the  metal  buyers  use  the  'corner 
chip])ing'  method  of  sampling  we  have  no  reason  to  complain  of 
the  degree  of  concordance  of  our  results  with  theirs. 

Slag  and  Spiess. — These  products  from  the  melting  of  the 
metallics  are  rarely  samj)led,  the  practice  of  the  mines  being  to 
hold  them  until  the  next  shipment  and  add  them  as  ore. 

Quartering  Machine. — A  description  of  the  evolution  of  this 
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Figure  6. 

machine  will  be  interesting,  perhaps.  It  was  first  thought  that 
if  the  ore  were  fed  in  a  thin  continuous  stream,  by  means  of  a 
shaking  plate,  over  the  edges  of  Jones'  riffles  and  the  two  halves 
similarly  treated  that  this  would  give  the  required  result. 
No  plan  could  be  devised,  however,  to  produce  a  stream 
that  would  be  homogeneous  across  its  width.  Lines  of  differ- 
ence would  occur  and  as  a  result  the  riffles  of  one  half  would 
receive  richer  ore  than  the  other  The  advisability  of  feeding 
with  a  spout  that  would  distribute  a  stream  of  ore  across  the 
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riffles  by  oscillating  back  and  forth,  was  then  considered.  If 
this  were  feasible,  could  not  the  riffles  be  arranged  to  discharge 
four  ways  ?  This  would  obviate  two  tiers  and  would  cut  all 
quarters  almost  simultaneousl5\  Instead  of  the  machine 
cutting  out  parts  all  of  the  time,  the  whole  of  the  stream  would 
successively  pass  into  each  compartment  for  a  portion  of  the 
time.     Unfortunately    the    principle    of    the    oscillating    spout 
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Figure  7. 

feed  is  faulty  as  it  would  give  a  reciprocating  motion  and  would 
bring  in  the  factor  of  centrifugal  force  in  favour  of  rich  particles 
(which  being  silver  are  the  heaviest)  falling  in  the  two  end 
riffles.  In  view  of  this,  it  was  proposed  to  make  the  spout 
revolve  through  a  complete  circle  over  a  series  of  riffles  radially 
arranged.     But  the  great  number  of  riffles  by  this  plan  would 
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necessitate  a  network  of  spouts,  one  for  each  riffle.  Each  spout 
would  recpiire  to  l)o  ciirct-tod  to  one  of  four  lar<rer  spouts.  This 
would  be  inpracticable.  Then  would  it  not  be  the  same  if  the 
number  of  the  riffles  were  reduced  to  four  and  the  speed  of  the 
revolvin<i'  spout  increased?  The  requisite  nund)er  of  cuts  could 
then  be  obtained. 

However,  the  revolving  spout  machine  would  not  work. 
It  was  too  sensitive.  The  material  which  was  fed  to  the  re- 
volving spout  at  the  centre  of  revolution  was  best  accomplished 
in  the  form  of  a  circular  stream  of  ore  falling  vertically.  This 
stream  of  ore  had  to  be  centred  exactly  with  the  centre  of  revolu- 
tion. The  irregularity  of  the  stream  thnw  more  ore  to  one  side  of 
the  centre  than  to  the  other,  consequently  affecting  the  quarters. 
Taking  the  area  of  the  stream  of  ore  fed  to  the  quartering  ma- 
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•Figure  8. 

chine  as  a  basis  it  w'as  found  that  the  excess  of  the  stream  on  one 
side  of  the  centre  of  revolution  over  that  on  the  opposite 
side  was  about  proportional  to  the  variation  in  weights  obtained. 
This  entailed  fine  measurements.  The  conclusion  was  reason- 
able, but  who  could  have  fcrseen  it?  A  movement  of  the  centre 
of  feed  spout  •/.,"  towards  or  away  from  the  centre  of  revol- 
ution gave  a  theoretical  difference  of  about  14  per  cent.  In 
practice  this  was  found  to  be  less  (8%  to  10%)  owing  to  the 
e<iualizing  of  the  flow  of  the  material  down  the  revolving  spout. 
The  revolving  quadrant  machine,  constructed  of  No.  18 
galvanized  iron,  was  next  tried. 
(N) 
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The  first  test  showed  an  agreement  of  weights.  This 
'tin'  machine  sampled  ore  for  six  months,  doing  excellent  work 
during  that  time.  It  was  eventually  replaced  by  the  perfected 
machine  shown  in  Fig.    12.     A  brief  description   will  suffice. 


Figure  9.     Quartering  Machine,  Revolving  Spout  Type — Multiple  Rifl9e 

A  stationary  conical  funnel  receiving  the  continuous  stream  of 
ore  from  the  challenge  feeder,  discharges  it  vertically  into  the 
quadrants  which  revolve  below,  their  centre  of  revolution  being 
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53-2"  from  the  centre  of  feed  spout.  The  quadrants  are  formed 
by  four  arms  wliich  radiate  at  ri<>ht  angles  to  one  another  from 
the  centre  and  support  suitable  cutting  edges. 

The  open  spaces  bL^tweeu  these  arms  are  filled  below  with 
hoppers,  each  of  which  is  drawn  at  its  lower  extremity  to  a 
quarter-annulus.  Each  revolving  hopj^er  is  then  made  to  dis- 
charge into  an  annular  space  formed  by  two  stationary  cylinders. 
The  quarter  annuli  being  at  different  distances  from  centre,  6ach 
discharges  between  separate  collecting  cylinders.  These  cylin- 
ders are  vertical,  with  centres  coincident  with  the  centre  of  the 
revolving  quardants  above.  Each  pair  of  collecting  cylinders 
is  cut  at  an  angle  of  not  less  than  70°  to  the  vertical  axis  and  the 


Figure  10.     Quartering  Machine,  Revolving  Spout  Type — Quadrant  Riffles 

opening  thus  made  is  covered  with  a  strip  down  which  the  ore 
slides  to  the  bottom  at  one  side  of  the  cylinders,  escaping  by  a 
circular  spout.     Thus  the  quartering  is  obtained. 

No.  1  Quarter  =  24. 7% 

No.  2  Quarter  =  25. 2% 

No.  3  Quarter  =  25. 2% 

No.  4  Quarter  =  24. 9% 


100.0% 
The  foregoing  is  the  result  of  a  four  ton  test. 


2  Percent  by  weight 
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The  speed  of  this  machine  is  about  30  R.P.M.  which  on  the 
basis  of  two  tons  per  hour  or  fifteen  hours  to  a  30-ton  shipment 
would  represent  27,000  cuts  to  each  quarter;  or  in  other  words 
the  shipment  would  be  divided  into  103,000  equal  portions,  and 
in  regular  order  each  one  of  these  portions  would  be  thrown  into 
its  quarter.     The   margin   of  safely   here   given   is   enormous. 


Figure  11.     Quartering   Machine,    made  cf   Galvanized  Iron 

The  fact  may  be  emphasized  that  as  the  four  quarters  are  kept 
separate  from  now  on,  the  coincidence  of  the  assays  on  the  final 
samples  is  with  one  reservation  conclusive  proof  of  the  correct- 
ness of  the  sampling.  The  reservation  is:  providing  there  is  no 
factor  working  either  to  produce  a  high  or  a  low  result  in  all  four 
quarters. 
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Figure  13.     Quadruplicate  Vezin 
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As  all  the  material  passes  into  one  or  otlier  of  the  quarters, 
the  reliability  of  the  quartering  machine  is  not  in  question. 
If  there  is  a  difference  of  values  between  the  assays  it  must, 
be  caused  in  the  vezins;  and  it  would  follow^  that  the  principle 
put  into  use  by  Vezin  was  wrong. 

How  then  is  it  possible  to  prove  that  the  machine  is  doing 
its  work  properly:  namely,  that  of  selecting  for  its  sample  the 
proper  proportion  of  the  various  constituents  of  the  ore  stream? 

The  first  method  tried  was  that  suggested  by  Mr.  Thomas 
Kiddie^  in  a  paper  read  before  the  Canadian  Mining  Institute 
at  Nelson  in  1909.  His  method  was  to  use  a  synthetic  mixture 
of  screen  products  of  known  assay  value  and  pass  it  through  the 
sampling  machine.  The  resulting  samples  when  screened  should 
then  give  the  same  percentage  of  the  different  sizes;  and  further 
the  assay  of  each  screen  product  should  agree  with  that  of  the 
corresponding  screen  product  in  the  synthetic  mixture.  The 
first  difficulty  was  to  get  accurate  assays  of  the  product  forming 
the  mixture.  A  moment's  reflection,  however,  will  show  that 
this  would  necessitate  the  adoption  of  a  sampling  method  which 
itself  w^ould  have  to  be  above  suspicion.  Thus  the  assay  had  to 
be  left  out.  The  screen  products  were  made  up  by  dry  screen- 
ing, under  rigid  time  and  other  factor  conditions.  The  samples 
were  similarly  screened;  there  was  no  concordance.  Wet^ 
screening  was  resorted  to;  the  results  were  better  but  still  qmite 
inconclusive.  It  is  noteworthy  that  wet  screening  gave  a  greater, 
undersize  by  2.5%  than  dry  screening.  The  chief  trouble  was 
proven  to  be  that  screening  conditions  could  not  be  standardized 
closely  enough  to  be  of  use  in  testing  a  sampling  machine. 
This  is  shown  by  the  fact  that  the  operator  will  in  ten  successive 
tests  on  the  same  material  produce  different  percentages  on  the 
same  screens — percentages  close  enough  for  ordinary  practice 
but  of  no  use  in  the  present  respect.  A  slight  change  in  the 
conditions  will  cause  the  amount  of  material  passing  the  screens 
to  vary. 

Since  discouragement  was  not  allowable,  an  ore  lot  was 
screened  through  the  following  meshes:    8,  20,  30,  40,  60,  80, 


"*  Causes    of    Variations    in    Ore   Sampling    by  T.   Kiddie,  Jour.    CM. I., 
Vol.  XIII.,  page  ood 
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100,  1*20,  150  and  'iOO,  A  niixlure  was  made  of  four  j)roducts: 
(-8  +  20)  (-40  +  00)  (-100+120)  (-200).  This  was  passed 
through  the  duplicate  Vczin  sampler  and  the  samples  screened 
on  30,  80  and  150  meshes.  It  will  be  noted  that  the  instability 
of  screening  conditions  is  here  obviated.  The  material  original- 
ly passing  20  mesh  will  be  definitely  retained  on  the  30  mesh, 
while  the  material  that  has  passed  the  40  mesh  will  readily 
pass  through  the  larger  apertures  of  the  30  mesh  and  so  on. 

Below  are  shown  in  percentage  weights  the  results  obtained: 


No.   of 
Product 

Mixture 
Screen 
Sizes 

Synthe- 
tic Mix- 
ture 

Sample 
1-10 

Dupli- 
cate 

Sample 
1-10 

Average 

of 
Samples 

Samples 
Screen- 
ed   on 
No. 

1 
2 
3 
4 

-  8+   20M 

-  40+   GO 
-100  +  120 

-  200 

45.38 
11.97 

0.503 
42.15 

45.44 
11.94 
0.524 
42.15 

45.33 
11.82 

0.522 
42 .  32 

45.38 
11.88 

0.523 
42.23 

30M 

80M 

)50M 

100.003 

100.054 

99.99i 

100.013 

This  is  proof  that  no  partiality  is  shown  in  sizes. 

Still,  'size  of  particle'  might  be  said  to  be,  at  rare  intervals, 
independent  of  value.  A  possibility,  it  is  agreed,  but  very  im- 
probable. However,  as  w^e  are  concerned  essentially  with 
values,  by  that  criterion  alone  must  the  samplers  be  tested. 

If  a  quantity  of  ore  were  passed  through  the  machine  and 
two  samples  extracted  and  set  aside,  the  machine  cleaned, 
the  rejects  sampled  by  the  same  machine,  two  more  samples 
extracted  and  set  aside,  and  thus  by  repassing  the  rejects  and 
extracting  samples,  the  rejects  w^ere  reduced  to  a  bulk  which 
would  permit  them  to  be  fairly  assayed;  if  then  the  machine  is 
favouring  a  high  or  low  value,  it  should  integrate  one  way 
without  doubt;  either  impoverishing  or  enriching  the  rejects 
at  each  passage  through  the  machine.  Again,  the  samples 
successively  extracted  should  show  a  decreasing  or  increasing 
value. 

Following  this  plan  the  rejects  from  four  settlement  samples 
(and   three  of  their  reserves)  of   one  ore  shipment  were  taken 
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Figure  14.      Duplicate  Vezin 
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for  the  test.  The  shipment  had  been  a  graded  lot  of  hard  ore, 
jigs  and  table  concentrates.  This  material  was  passed  through 
the  duplicate  Vezin,  as  indicated,  nine  times,  resulting  in  a  final 
''reject'  of  44  pounds,  and  nine  pairs  of  samples.  The  third,  the 
sixth  and  the  ninth  pairs  and  the  rejects  were  ground  and 
assayed. 

Assay 
oz-ton 
Average    of    seven    'car-samples'    the    rejects 

from  which  were  used  for  test  =  1401 . 5 

Samples  from  3rd  sampling  in  test 

Samples  from  6th  sampling  in  test 

Samples  from  9th  sampling  in  test 

Hejects    after    passing    machine    nine    times 

(average  of  eight  determinations)  =  1404 

The  above  outlined  test  is  considered  to  be  a  severe  one, 
and  to  afford  proof  that  under  greatly  changing  conditions  of 
quantity  the  machine  (representing  the  Vezin  type)  does  not 
integrate  materially  in  favour  of  high  or  low  values,  and  that  it 
does  extract  a  sample  impartially.  The  machine  tested  is  in 
daily  use  in  performing  the  most  sensitive  part  of  the  sampling 
operations;  that  is,  its  work  consists  in  selecting  samples  where 
the  ratio  between  the  size  of  the  largest  particle  of  silver  and  the 
weight  of  the  sample  which  contains  it,  is  the  least:  hence  its 
requirements  are  the  highest.  It  is  considered  fair  then  to 
assume  that  the  principle  which  it  represents  is  correct.  If 
then  the  assay  results  of  the  four  samplings  are  found  to  agree, 
the  four  samples  are  thus  proved  to  have  been  rendered  correct- 

ly. 

How  far  these  methods  may  be  used  to  test  other  machines 
and  sampling  operations  the  writer  is  not  at  present  prepared  to 
say. 


(a) 
(b) 

=  1404 
=  1403 

(a) 
(b) 

=  1410 
=  1404 

(a) 
(b) 

=  1403 
=  1414 

2£0 
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Cutting  Edges. — Two  types  are  in  use  in  the  works.  Fig.  16 
shows  the  adjustable  type  used  on  the  DupHcate  Vezin,  the 
machine  upon  which  the  tests  were  performed.  The  knives 
of  the  second  type  (Fig.  19)  are  rigidly  fixed  to  each  other  by- 
steel  plates  at  their  extremities.  A  template  is  used  to  cali- 
brate the  first  type,  before  and  after  sampling.  A  vital  re-, 
quirement  of  a  Vezin    sampler   is  that   the  aperture  will  not 


Figure  15.     Duplicate  Vezin 

change  its  width  during  the  sampling  of  any  one  lot  of  ore^ 
No  lot  of  ore  is  even  practically  homogeneous;  particularly, 
after  grinding  in  a  ball  mill  there  is  a  concentration  of  values 
towards  the  end  of  the  run.  In  any  method  the  values  rise  and 
fall  greatly  throughout  the  sampling.  If  now  the  aperture 
changes  in  width   during  the  run  the  effect  is  to  cut  out  undue 
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proportions  of  rich  or  poor  material  and  so  vitiate  the  char- 
acter of  the  sample.  By  rigidly  fixing  the  knives  this  is 
in  part  avoided. 

The  danger  is  still  not  past.  Care  must  be  taken  to  have 
knives  so  designed  that  the  material  will  not  build  up  on  them. 
If  one  of  the  knives  becomes  pitted  and  rusty  the  fine  dust  ad- 
heres to  it  and  builds  up,  making  the  effective  cutting  aperture 
greater  or  smaller  according  as  the  material  builds  upon  front 
or  rear  knife.  The  effective  aperture  is  the  distance  between  the 
front  vertical  faces  of  the  cutting  edges.      (See  Fig.  17). 


Figure  16.     Vezin  Cutting  Edges,  Adjustable  Type 


Consider  a  freely  falling  particle  to  strike  the  front  angle 
of  the  approaching  cutting  edge.  If  the  centre  of  gravity  of  the 
particle  lies  above  the  line  AC  (apparent  direction  of  motion 
of  the  particle  from  point  C)  the  particle  will  be  rolled  along  the 
top  edge  and  fall  over  the  back  of  the  knife;  if  the  centre  of  gravity 
is  below  AC  the  particle  will  fall  in  front  of  the  knife,  if  the 
knives  are  similar  the  same  will  apply  equally  to  both  of 
them. 

If  the  rear  of  one  knife  and  the  front  of  the  other  be  taken 
as  radial  there  may  be  an  appreciable  effect  on  the  sample. 
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particularly  if  the  knives  are  also  close  to  the  centre  of  revo- 
lution, and  if  the  tops  of  the  knives  are  broad.  Consider  the 
knives  to  be  in  any  arrangement  of  the  four  positions  A,  B,  C, 
D.  where  OKj,  O  Kj,  are  lines  subtending  an  angle  of  say  18° 
at  centre  of  revolution  0{  =  ^jj  circumference).  The  four 
possible  positions  are  AC,  BD,  AD,  BC.  The  first  position  is 
correct;  the  second  practically  so,  though  bad  practice;  the 
third  cuts  a  smaller  percentage  with  the  narrow  part  of  the 
aperture;  and  the  fourth  a  larger  percentage.     In  a  stated  case 


f       ^ 


B 

AB- Velocity   of  falling  pai  tide 
CB-      "         "  Knife  Edge 
AC-Apparent  direction'and 

velocity  of  particle^viewed 

fiom  C 


Effective 
"  Cutting 
Aperture 


Knife 

Edge 


I 


Knife 
Edge 


I 


Figure  17. 


either  of  the  last  two  positions  might  be  the  cause  of  an  un- 
fair sample.  Consequently  the  knives  must  be  so  placed  that 
their  front  edges  are  radial. 

The  knives  should  be  kept  bright  with  fine  emery  paper,  as 
in  this  condition  no  material  will  lodge  to  widen  or  narrow  the 
effective  aperture.  The  knives  should  be  made  of  hard  lus- 
trous material  that  will  not  materially  corrode  nor  wear.  The 
difficulty  with  the  alloys  so  far  examined  is  that  while  they  do 
not  tarnish  they  wear  too  quickly.     Steel  has  been  preferred  as 
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it  requires  little  care  even  with  wet  ore,  and  retains  its  dimen- 
sions, excepting  accidents  and  a  little  wear.  It  is  better  to  have 
a  brittle  knife  edge  than  one  which  a  blow  or  a  piece  of  foreign 
material  may  distort.  If  the  knife  edge  is  chipped  the  prob- 
ability is  that  the  piece  broken  out  will  be  quite  small  and  not 
materially  affect  the  percentage  cut.     If,  however,  one  of  the 


Figure  18.     Position  of  Knife  Edges 

knives  is  bent  the  whole  aperture  is  changed,  the  accident 
rarely  being  noticed  until  the  knives  are  calibrated  at  the  end 
of  the  run. 

The  material  fed  to  a  Vezin  should  be  screened  and  the 
mouth  of  the  spout,  which  should  always  be  vertical,  placed  at 
least  the  distance  of  four  times  the  diameter  of  the  largest 
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particle  above  the  knife  edges.  In  this  way  the  oversize  is  kept 
away  from  the  knives  and  free  motion  is  allowed  to  all  particles. 
The  delivery  spout  must  be  rigidly  fixed  with  reference  to  the 
centre  of  revolution  of  the  vane.  Belts  or  loose  surging  chains 
should  be  avoided  for  transmission.  Tight  chains  or  better 
still,  cut  gears  connected  with  a  high  speed  counter  shaft,  will 
minimize  the  possibility  of  the  halting  motion  sometimes  noticed 
in  the  revolutions  of  samplers. 

Percentage  Cuts. — In  testing  a  machine  to  determine  the 
percentage  of  the  cuts,  moisture  is  cjuite  the  most  confusing 
factor.  The  material  falling  in  the  machine  dries  quite  notice- 
ably and  the  difference  when  careful  tests  are  made  may  be  false- 
ly attributed  to  a  faulty  aperture. 

As  in  screening  tests,  allowance  must  be  made  in  sampling 
tests  for  small  losses.  These  losses  which  are  noticeable  in 
weight,  are  never  sufl&cient  to  affect  the  assays. 

It  would  seem  that  the  writer  is  placing  difficulty  in  the 
way  of  the  use  of  the  Vezin.  This  is  not  the  ca.se.  The  pre- 
cautions are  simple:  (1)  Rigid  knives;  (2)  Radial  front  faces; 
(3)  Uniform  circular  motion  (30-60  R.P.M.);  (4)  Clean  knives; 
(5)  Material  to  be  screened  when  sampling  with  delicate 
machine;  (6)  Steady  feed  through  an  opening  that  will  direct 
it  vertically  to  the  knives  edges. 

Figure  19  shows  the  simplest  and  most  serviceable 
type  of  cutting  edges.  The  revolving  vanes  should  be  construc- 
ed  of  steel  tempered  and  made  into  knives  for  a  short  distance 
on  their  upper  edges.  Small  wedge  shaped  pieces  of  steel 
placed  in  the  aperture  will  hold  the  knives  in  rigid  position  and 
give  a  constant  percentage  cut. 

Reserve  Samples. — Below  are  examples  of  the  duplicate 
machine  cuts  in  percentage  weights: 

C-102 

(1)  Sample  (10.209%)  (3)  Sample  (10.101%) 

(10.252%)  (10.159%) 

(2)  Sample  (10.171%)  (4)  Sample  (10.218%) 

(10.217%)  (10.265%) 

The  weight  upon  which  both  percentages  of  each  sample  is 
calculated,  is  taken  to  the  nearest  half  pound;   hence  it  is  fair  so 
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-compare  only  the  du])licate  cuts  in  each  sample.  These  are 
cut  by  the  duplicate  Vezin.  In  103  cases,  the  reserve  sample 
assay  was  higher  than  the  original  sample  assay  49  times,  and 
54  times  lower.  The  conclusion  here  is  that,  practically 
considered,  the  machine  cuts  duplicate  samples. 

Feeds  to  Samplers. — The  ore  was  at  first  fed  to  the  quarter- 
ing machine  by  means  of  a  steel  pipe  fitted  inside  with  a  spiral, 
which  conveyed  the  ore  from  the  bottom  of  the  feed  tank, 
horizontally  to  the  feed  spout  of  the  quartering  machine.  The 
action  of  this  'spiral'  was  to  eliminate  the  sharp  lines  of  value- 


Xote:-A  and  B  are  ^edge-shaped 
braces  to  keep  Lnite  edges  rigid 


;i,  tb  ol  O"  -  5"-  Cut 


Figure   19.      Vezin  Cutting  Edges,  Improved  Design 

difference  by  tumbling  the  ore  over  and  over  as  it  advanced  in 
the  tube,  so  that  the  feed  to  the  machine  during  any  one  revolu- 
tion would  be  practically  an  uniform  mixture.  All  cutout 
samplers  require  such  a  condition  in  their  feed.  In  this  way 
the  difference  between  the  reject  and  sample  at  any  one  time  is 
greatly  reduced  and  the  efficiency  of  the  sampling  corre- 
spondingly raised.  When  the  spiral  referred  to  wore  out  it  was 
replaced  by  a  Challenge  feed  which  rotated  with  uniform  mo- 
tion. Of  course  this  device  does  not  attempt  to  mix,  it  is  much 
easier  to  operate  however,  and  the  margin  of  safety  at  this 
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point  in  the  sampling  is  so  great  that  the  Challenge  feed  is 
considered   adequate. 

The  shaking  plate  feed  shown  in  Fig.  20  is  used  in  feeding 
the  Vezins. 

This  device  consists  of  a  steel  box  which  may  be  inclined  at 
varying  angles  to  the  horizontal,  the  ore  passing  in  through  the 
top  at  the  high  end  and  discharging  through  the  open  lower  end. 
A  quick  return  action  was  tried  for  the  plate  but  was  found  to  be 
unsuitable.  It  is  now  operated  by  an  eccentric  (3^"  throw), 
at  600  R.P.M.  At  this  speed  and  at  an  inclination  of  from  8  to 
10  degrees  to  the  horizontal  for  all  ores,  the  intermittent  feed 
from  the  proceeding  sampler  is  regulated  to  a  stream  which  falls 
over  the  lip  of  the  shaking  plate  with  just  a  perceptible  tremor,, 
the  period  of  the  wave  being  the  same  as  the  movement  of  the 
plate. 

While  we  do  not  hold  any  general  brief  for  mechanical 
sampling,  realizing  that  the  method  must  be  suited  to  the  com- 
mercial requirements,  yet  machines,  in  the  case  of  Cobalt  ore, 
are  deemed  more  suitable  than  hand  methods.  Intelligently 
operated  the  machines  may  be  made  to  do  reliable  work.  A 
failure  at  any  part  of  the  process  is  immediately  evident  through 
the  discrepancy  in  the  weights  or  in  the  final  assays.  The  report 
handed  to  the  writer  after  the  completion  of  each  lot  gives  a 
history  of  the  entire  operation  enabling  the  factor  which  caused 
a  disagreement  of  the  final  assays  to  be  determined  almost  with 
certainty. 

Concentrates. — No  mill  man  should  pride  himself  that  there 
is  no  oversize  in  his  table  concentrates  until  he  has  screened  a 
few  carloads.  A  museum  might  be  stocked  with  the  varied 
articles  found  therein,  the  least  of  which  would  be  an  assort- 
ment of  tools.  To  prevent  this  oversize,  which  also  includes 
caked  material,  from  getting  to  the  knives  of  the  Vezins  and  to 
the  small  final  samples,  it  was  found  necessary  to  screen  the  con- 
centrates. Sands  saturated  with  water  are  most  difficult  to  screen, 
the  reason  being  that  as  the  grain  passes  through  the  aperture 
its  adhering  moisture  forms  a  bridge  to  the  wire  and  prevents  the 
particle  falling  through,  owing  to  capillary  action.  If  the  open- 
ing is  large  enough  the  particle  is  cemented  to  only  one  side  of 
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the  ai)orture  <ind  is  more  easily  dislodged  by  the  particles  behind 
it.  The  water,  of  course,  agglomerates  the  particles  of  sand  in 
the  same  way,  which  likewise  prevents  screening.  A  7  x  7 
screen  is  used  on  the  trommel  which  will  then  pass  IG-mesh 
sands  or  slimes  if  Ihey  do  not  contain  more  than  2%  moisture. 
Products  wetter  than  this  must  be  first  dried. 

A  test  run  was  made  of  wet  material  through  the  sampling 
machines.  Table  sands  with  about  7%  moisture  passed  all  the 
shaking  plates  and  cutting  edges  without  lodging,  at  the  rate  of 


Figure  20.     Shaking  Plate  Feed 

seven  tons  per  hour;    the  cuts  were  accurate  and  the  assays 
checked  within  the  allowable  limit. 

Salting. — The  alternation  of  high  and  low  grade  ore  through 
the  sampling  plant  brought  in  the  question  of  salting.  Salting  can 
only  occur  in  the  reduction  of  the  150  lb.  samples  (l-400th  of 
30  tons)  to  15  lbs.  each.  These  samples  are  passed  in  order 
through  one  machine  (duplicate  Vezin)  and  if  any  salting  has 
taken  place  it  will  be  evidenced  by  the  higher  assay  of  the  first 
sample.     The   weights   afford   another  check.     The   slopes  on 

(O) 


Sampling  Cobalt  Silver  Ores — Campbell 

which  the  ore  falls  are  made  steep  enough  to  prevent  lodgement 
of  dust.  The  machines  are  dust  tight  and  are  cleaned  with 
brushes  and  compressed  air  after  each  sample. 

Moisture. — When  the  ore  is  bagged  a  small  scoopful  is 
taken  from  the  mouth  of  every  fifth  bag  and  put  alternately 
into  one  and  the  other  of  two  moisture  tins.  There  are  thus 
two  moisture  samples;  the  mean  of  the  results  of  these  is  taken. 

When  the  ore  is  to  be  shipped  in  barrels,  the  barrel  is  half 
filled  and  from  this  a  pipe  sample  is  taken;  the  barrel  is  then 
filled  to  the  top  and  another  sample  taken  from  the  top  half, 
alternating  into  two  tins  as  before. 

With  rare  exceptions  the  two  moistures  check  to  the  second 
decimal  place. 

Disc  Grinder. — The  sample  (l-4000th  of  the  shipment)  after 
drying  is  ground  to  100  mesh  in  a  Braun  disc  grinder  with  the 
exception  of  a  small  portion  of  the  metallic  silver  and  iron. 
The  larger  silver  metallics  appear,  flattened  out,  at  an  early 
stage  in  the  grinding;  later,  as  the  oversize  is  returned  again  and 
again  to  be  reground,  these  break  up  somewhat,  and  with  the 
smaller  particles  of  the  oversize  each  becomes  a  sphere.  The 
path  of  the  particle  of  ore  (metallic  in  this  case),  from  the  inside 
to  the  outside  of  the  discs,  is,  roughly  speaking,  a  spiral,  as  a 
consequence  of  the  circular  motion  of  the  disc  and  the  centrifugal 
motion  of  the  moving  particle.  The  sphere  is  the  ideal  form 
for  the  rich  particle  in  a  sample.  Hence  the  disc  is  judged  to  be 
well  adapted  for  sampling  purposes.  In  using  a  buckboard 
there  is  a  tendency  to  produce  cylinders  of  the  malleable  silver 
or  gold  metallic.  These  cylinders  are  usually  many  times 
longer  than  their  diameter.  By  just  passing  on  end  through  the 
screen  they  render  the  processes  of  grinding  and  screening  in- 
efficient. Particularly  is  this  true  of  low  grade  ores  in  which  the 
values  are  represented  by  comparatively  few  coarse  metallics. 
In  this  case  200  mesh  might  be  no  better  than  100,  or  100  no 
better  than  40.  If,  however,  the  proper  motion  is  given  to 
the  muller  this  production  of  cylinders  is  minimized.  The 
greatest  care  should  be  taken  in  finishing  the  last  oversize;  the 
motion  of  the  muller  should  then  be  as  nearly  circular  as  pos- 
sible. When  the  disc  is  used  it  is  customary  to  pulverize  the 
small  amount  of  oversize  on  a  buckboard. 
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Tho  above  doubtless  explains  why  so  many  assaj^ers  have 
foiitul  it  clillicult  to  cheek  on  low  grade  metallic  ores. 

]\Iuch  has  been  said  about  the  friability  of  ores,  though 
little  stress  has  been  laid  on  the  shape  of  the  particles  in  the 
assay  pulp.  Why  do  some  pul})s  mix  easily  and  some  quite 
otherwise,  if  this  is  not  dependent  on  the  variation  in  the  size 
and  shape  of  the  particles?  The  difference  in  assay  results  are 
too  often  blamed  on  furnace  operation  when   the  trouble  lies  in 


Mixing  by  Screening 


DlSTRIBXTIOX 

OF   IGths 

1 

5 

9-C-D-AssayOffice 
13 
3  Each  to  any  of  :- 

7  Mine  Smelter- 
11   Umpire  or 

15  Reserve 

2 
4 
6 

8  Rejected 
10 

12 
14 
16 


W 


Edge  of  glass-top  table 
Figure  21. 

the  mixing  of  the  pulp.     At  a  certain  stage  most  methods  of 
mixing  pulps  are  merely  inferior  methods  of  concentration. 

Mixing  of  Pulp. — The  material  after  passing  through  the 
disc  once,  does  not  all  pass  the  screens;  the  oversize,  which  is 
mostly  native  silver,  increases  in  richness  as  its  quantity  de- 
creases on  the  screen,  until  a  product  is  obtained  that  is  con- 
sidered quite  clean,  or  until  the  disc  will  reduce  it  in  weight  no 
further.  The  material  passing  the  screens  is  thus  at  first 
low  in  grade  then  increasingly  richer,  the  range  being  from  al- 
most barren  material  to  almost  pure  silver.     It  is  this  product 
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that  must  be  mixed  for  assay  purposes.  The  weight  of  pulp 
is  about  15  lbs.  on  a  30  ton  car;  from  this  must  be  taken  eight 
packets  weighing  about  one  pound  each,  and  they  must  be 
exact  duplicates  of  one  another,  since  each  interested  party 
obtains  one  from  each  sample  of  the  shipment. 

Method  of  Mixing  Pulp. — The  100  mesh  pulp  is  sifted 
through  a  40-mesh  screen  on  to  a  glass  table,  the  screen  being 
about  two  inches  above  the  surface  of  the  material  as  it  rests 
on  the  table.  The  pile  is  kept  spread  with  a  large  spatula,  so 
that  as  far  as  possible  the  material  passing  the  screen  deposits 
in  successive  layers.  The  pulp  is  repassed  through  the  screen 
twice  more  and  is  then  spread  in  a  truly  circular  film  and 
divided  radially  into  sixteen  parts.  Every  alternate  sector 
is  placed  in  a  packet  and  sealed.  Four  of  these  packets  are  sent 
to  the  assay  office,  the  others  are  held  to  the  order  of  the  mine, 
to  be  sent  as  a  rule  to  (1)  mine,  (2)  smelter,  (3)  umpire,  (4) 
reserve. 

The  contents  of  the  four  packets  sent  to  the  laboratory 
are  assayed  without  further  mixing,  by  taking  from  each  a 
charge  of  1-10  A.T.  and  scorifying  with  proofs.  The  average 
of  the  four  assays  is  taken  as  the  correct  pulp  assay  for  that 
sample.  Below  are  given  examples  showing  the  concord- 
ance between  the  four  determinations,  which  show  an  extreme 
difference  between  the  four  in  each  case  of  less  than   3^% 

oz/ton 

(B)  C-84  (1)  2038 

2039 

2042 

2044  Av.  =  2040.7 

(2)  2049 
2050 
2053 
2046  Av.  =  2049.5 

(3)  2080 
2070 
2076 
2076  Av.  =  2075 . 5 

(4)  2079 
2082 
2080 
2081  Av.  =  2080.5 


(0.5%). 

oz, 

/ton 

(A)  C-98 

(1) 

4545 
4536 
4534 
4547  Av. 

=  4540.5 

(2) 

4245 
4264 
424S 
4257  Av. 

=  4253.5 

(3) 

4178 
4182 
4172 
4170  A v. 

=  4175.5 

(4) 

4378 
4369 
4382 
4386  Av. 

=  4378.7 
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(C)  Samples  of  Crown  Reserve  ore,  each  of  about  sixty- 
four  pounds  in  weight  ground  to  pass  100  mesh,  then  mixed  by 
screening  (four  limes  on  ghiss  table)  and  four  packets  taken,  one 
from  each  quadrant  of  pulp  as  spread  in  thin  circular  film  on 
table:   1-10  A.T.  taken,  without  further  mixing. 

oz/ton  oz/ton 

(1)  2546  (3)  2424 

2568  Diff.  =  22 .  0  ozs.  2408  Diff.  =  25 . 0  ozs 

2548  2430 

2546  Av.    =2552  2405  A  v.    =2416.7 

(2)  3065  (4)      3233 

3072  Diff.  =  17 . 0  ozs.  3210  DifiF.  =  23 . 0  ozs. 

3055  3220 

3055  Av.    =3061.7  3215  Av.    =3219.5 

Note. — No  corrections  for  metallics  (scales)  have  been 
added  to  any  of  above  results. 

(D)  Sample  of  Penn-Canadian  ore,  composed  of  hard  ore, 
jigs  and  table  concentrates,  weighing  about  44  lbs.  In  this 
case  eight  packets  were  taken  instead  of  four,  at  equal  intervals, 
in  the  same  manner  as  before  described: 

oz/ton 

(1)       1356 
1358 

1359  Extreme  diff.  =6.0  ozs.  or  0 .  44% 
1358 
1362 
1359 
1356 
1358  Av.  =  1358.3 

It  will  be  seen  that  this  method  eflfectively  checks  the 
mixing  of  the  pulp  as  well  as  the  assaying  of  it. 

Mixing  of  Metallics  (or  Scales). — The  usual  method  is  to 
cone  on  a  glass  plate  and  divide  radially  into  the  requisite 
number  of  packets.  On  pure  metallics  this  gives  very  consist- 
ent results  if  the  particles  of  metal  are  of  a  fairly  uniform  size. 
If  impure  with  metallic  iron,  or  if  sizes  vary,  it  is  found  advise- 
able  to  separate  the  products  with  a  magnet  or  on  various 
screens  respectively;  divide  the  products  into  the  same  number 
of  aliquot  parts;  then  combine  them  again  to  form  composite 
assay  portions. 
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Below  are  given  results  which  are  typical  of  the  agreement 
obtained  between  four  determinations— 1-10  A.T.  taken  in 
each  case. 

C-19  oz/ton  C-98  oz/ton 

(1)  22,895  (1)     23,900 

22,895  Diff.  =  160  oz/ton  23,885  DifiF.  =  40  oz/ton 

22,750  23,875 

22,910  Av.    =22,863  23,915  Av.    =23,894 

(2)  23,327  (2)      24,155 

23,375  Diff.  =48  oz/ton  24,180  Di£F.  =  80  oz/ton 

23  375  24,235 

23!350  Av.    =23,357  24,215  Av.     =24,196 

Assaying. 

The  dry  scorification  method  is  now  used  exclusively  for 
shipment  assays,  after  numerous  experiments  with  wet  and 
combination  methods.  The  assay  is  corrected  in  nearly  the 
same  manner  as  a  bullion  assay.  It  has  been  found  that  this 
correction  offsets  the  losses  by  slag  and  cupel  absorption,  and 
by  volatilization,  and  allows  for  impurities  in  the  resulting 
silver  bead.  In  this  way  the  assay  is  made  more  standard  than 
is  the  case  when  direct  methods  are  used.  It  is  usual  to  obtain 
a  commercial  result  by  deducting  a  fixed  percentage  from  this 
corrected  or  actual  assay,  this  percentage  being  acceptable  to- 
both  buyer  and  seller. 

Furnace. — The  furnace  used  for  car  work  burns  a  long  flame 
bituminous  coal,  and  has  two  muffles  one  over  the  other.  The 
top  muflle  is  used  for  cupellation  and  scorification,  the  bottom 
for  scorification  only.  The  mufiles  used  are  U  U  U  supplied  by 
the  Denver  Fire  Clay  Company,  and  measure  18"  long,  12"  wide, 
and  8"  high. 

Assaying  of  Pulp. — 1/10  A.T.  of  pulp  is  scorified  in  a  2^"' 
scorifier  with  50  to  60  gms.  of  test  lead,  resulting  in  a  lead  button 
of  about  20  to  30  gms.  One  assay  is  made  on  each  of  the  four 
packets  of  each  sample  sent  from  the  sample  room,  making 
sixteen  pulp  assays  for  each  shipment,  (four  to  each  of  four 
samples).  The  lead  buttons  are  brought  to  a  uniform  weight 
with  lead  foil  and  cupelled  at  a  medium  temperature.  The 
cupels  are  made  of  bone  ash  strengthened  with  a  little  pearl  ash 
water. 
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Assaying  of  Mcialllcs. — When  possible  four  charges  of  1/10 
A.T.  arc  taken;  very  often,  however,  there  is  not  sufhcicnt 
quantity  for  this.  Whatever  the  amount,  it  is  divided  into  at 
least  two  charges,  scorified  and  cupelled  in  the  same  manner 
as  pulp. 

Correction  to  Assays. — A  pilot  is  first  run  using  1/10 
A.T.  plus  100  mgs.  of  pulp.  This  results  in  a  bead  which  is 
calculated  to  represent  about  the  same  amount  of  silver  as  is 
actually  in  the  1/10  A.T.  charge.  Similar  weights  of  proof 
silver  are  then  weighed  out,  one  for  two  assays. 

These  'proofs,'  as  they  are  called,  are  then  scorified  and 
cupelled  at  the  same  time  in  the  same  muffle  as  the  assays  which 
they  control.  The  losses  and  increments  which  the  proof  bead 
suffers  being  practically  the  same  as  in  the  assay  bead.  The 
difference  between  the  weight  of  the  proof  silver  taken  and  the 
weight  of  the  resultant  proof  bead  is  added  to  the  weight  of  the 
assay  bead  as  a  correction,  resulting  in  the  corrected  pulp 
assay. 

The  metallics  are  corrected  in  the  same  manner. 
Muffle  Arrangement. 

Scorification 


No.  1  Sample 

0 

n 

0 

0 

H 

0 

No.  2  Sample 

0 

*\ 

0 

0 

H 

0 

Scorification 

No.  3  Sample 

0 

H     0 

0 

%       0 

No.  4  Sample 

0 

\       0 

0 

H     0 

Front 

For 

S  Pot  Sample 

No.  1  Sample 
No.  2  Sample 
No.  3  Sample 
No.  4  Sample 


Front 


Cupellation 


0 

«T 

il 

00 

•I 

0 

0 

!1 

00 

If 

0 

0 

n 

00 

n 

0 

0 

H 

00 

If 

0 

0  =  Assay 


Front 
If  =  Proof  or  corrector. 
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ASSAY  OFFICE  RECORD  OF  ORE  SHIPMENTS 

Name  Crou-n  Reserve.  Date,  Aug   19,  1913  Lot  No.  C-72 


Sample  No.  1 

Method,  Dry  Scor. 

Charge,  1/10  A.T. 

Weight  of  Fines,        =  i208 

63  gms. 

=   98.79i%  of  total  sample 

"        "    Seal 

es,       =       51 

37 

=     1.206%  " 

Weight  of  Sample    =   ^260 

00 

100.000 

Fines 

Seal 

es: 

Proof  No.  1 .  .  . 

.320.0  mgs. 

Proof  No.  1 .  .  . 

.2k01.0  mgs. 

313.9      " 
=      6.1      " 

loss  = 

2367.5     " 

loss  = 

33.5     '• 

Proof  No.  2... 

.318.8     " 
312.7      " 

Proof  No.  2.  .  . 

loss  = 

6.1       " 

loss   = 

= 

Furnace 

Corrected 

Furnace 

Corrected 

1.             313.3 

319.  A 

1. 

236>^.0 

2397.5 

2.            312.2 

317.3 

2. 

2369.0 

2W2.5 

3.             311.0 

317.1 

3. 

2369.5 

2Jf03.0 

4.            311.5 

317.6 

4. 

2358.0 

2391.5 

U\12]t7.0 

4\  127H0 

Jt\9it60.5 

^\9.59i.5 

311.75 

317.85 

2365.1 

2398.6 

6.10 

33.5 

317.85 


2398.6 


Fines  = 


Scales  =■ 


Composite 

317.85   X  10  X  98.79i 

100 
2398.6  X  10  X  1.206 


100 


3U0.2 


289.3 


Actual  Assay      =      3^29.5 
less  i J/2%..  51. i 


Commercial  Assav      =  3378. 1 
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It  will  be  seen  that  the  form  shown  contains  all  the  data 
for  arriving  at  a  final  connnorcial  assay  of  the  sample.  In 
principle  the  method  of  combining  the  pulp  assay  and  metallics 
Assay  is  as  follows: 

Let  A  =  Pulp  Assay. 

Let  X  = '/o weight  of  pulp,  of  whole  sample. 
Let  B  =  Metallics  Assay. 
Let  Y  =  'v^weight  of  metallics,  of  whole. 
AX  +  BY 

Then =  Final  Composite  Assay  of  Sample. 

100 

For  example: 

If  A  =  2.000/ozs/ton 

And  X  =  90% 

And  B  =  23,000  ozs /ton 

Then  Y  =  10% 

2000  X  90     23000  X  10 


Assay  of  sample 


100 


-+- 


100 


=  1800  +  2300 
=  4100  ozs /ton 


Concordance  of  Four  Samplings 

The  following  table  shows   the  results   of    four   samplings 
on  each  of   ten   grades  of   ore  sampled. 


Lot  No. 

A 

B 

C 

D 

Average 

C  126 

346.2 

348.8 

345.7 

347.1 

346.9 

C  123 

748.6 

750.9 

755.4 

751.4 

751.6 

C  118 

1216.5 

1219.4 

1219.0 

1213.5 

1217.1 

C  112 

1579.4 

1561.3 

1561.7 

1562.7 

1566.2 

C  111 

2005 . 3 

2002 . 5 

2011.7 

2015.5 

2008 . 8 

C  95 

2721.8 

2711.2 

2729.3 

2697.6 

2715.0 

C  96 

3756.6 

3770.7 

3749.8 

3777.9 

3763.8 

S  194 

4638.7 

4597.1 

4587.5 

4569.9 

4598.3 

S  213 

5197.8 

5208.3 

5141.1 

5170.9 

5179.5 

S  33 

9983.8 

9962.5 

9971.7 

9933.1 

9937.8 

A  =  No.  1  Sampling 
B  =  No.  2  Sampling 
C  =  No.  3  Sampling 
D  =  No.  4  Sampling 

-The  greatest  allowable  variation  between  any  of  the  four 
on  each  lot  is  1H%  of  the  average  of  the  four.  Greater  varia- 
tion calls  for  the  reserve  samples  or  a  re-sampling  of  the  ship- 
ment. 


236         Sampling  Cobalt  Silver  Ores — Campbell 

In  view  of  the  fact  that  the  shipment  is  here  sampled  four 
times  and  at  the  smelters  only  once,  it  is  not  fair  to  either  party 
to  compare  the  respective  samplings.  We  are  assured,  however, 
by  those  smelters  accepting  our  samples  in  settlement, 
that  their  check  sampling  at  the  smelter  agrees  very  closely. 
One  of  them  did  make  the  exception  of  one  class  of  ore  upon 
which  it  was  claimed  a  consistently  different  result  was  ob- 
tained. 

The  problem  presented  was  to  obtain  a  valuation  which 
would  be  prima  facie  correct.  The  solution  embodied  a  simul- 
taneous selection  of  four  samples,  which  were  finished  and  as- 
sayed separately,  the  mean  result  being  taken.  Having  proved 
that  no  factor  enters  into  the  operation  which  would  cause  a 
consistently  high  or  low  result  in  all  four  samplings,  the  practical 
correctness  of  the  valuation  is  demonstrated  by  the  reasonable 
agreement  of  the  four  determinations. 

In  conclusion  it  is  desired  to  say  a  few  words  of  apprecia- 
tion which  sincerely  though  inadequately  express  the  feelings 
of  Mr.  H.  J.  Deyell  and  the  writer. 

It  would  not  have  been  possible  to  have  presented  this 
paper  to  the  Institute,  were  it  not  for  the  kind  offices 
of  our  many  friends  and  the  unswerving  loyalty  and  honest 
endeavour  with  which  our  assistants  have  borne  their  portion 
of  the  responsibility. 

The  integrity  of  any  business  house  is  without  doubt 
due  in  part  to  the  principles  laid  down  by  the  management, 
but  to  a  greater  extent,  particularly  in  this  case  where  such 
large  values  are  arbitrated,  is  it  due  to  the  'esprit  de  corps' 
of  the  staff.  Without  the  confidence  which  we  have  in  our 
assistants,  confidence  so  fully  justified,  not  a  single  certificate 
could  be  delivered. 

We  have  so  many  friends,  in  the  buying  and  selling 
sides  of  the  ore  market  and  indeed  in  the  profession  at  large, 
proven  by  the  frequency  of  our  past  needs,  that  I  can  do  no 
more  here  than  express  our  deep  gratitude  to  them  all. 

Prominent  among  these  men  is  one  whose  material  aid 
has   made   possible   the  installation   of   the   sampler;    who,   in 
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addition,  has  given  the  benefit  of  his  hirge  experience  in  per- 
fecting the  process  up  to  the  point  herein  indicated.  It  is 
with  some  diffidence  that  I  declare  thanks  to  Mr.  R.  B.  Watson, 
for  I  am  not  sure  in  his  case  at  least  that  they  will  be  at  all 
acceptable,  as  contravening  the  spirit  in  which  he  has  acted — 
too  broad,  too  public  spirited,  too  much  concerned  with 
the  successful  demonstration  of  the  principles  involved  to  be 
quite  personal.  With  such  qualification,  however,  I  may 
surely  indicate  our  real  appreciation  of  his  many  kindnesses. 


Discussion 


Mr.  G.  a.  Guess  —  {Communication  to  the  Secretary): 
Mr.  C.  St.  G.  Campbell  has  given  us  a  very  carefully 
prepared  paper  on  the  sampling  of  extremely  difficult  material. 
The  precautions  taken  to  attain  a  perfect  result  are  probably 
much  greater  than  sampling  plants  have  ever  before  been  called 
on  to  exercise.  The  technique  of  sampling  of  Cobalt  ores  has 
been  highly  developed  and  the  point  which  struck  me  on  hear- 
ing this  paper  read,  was  that  very  little  attention  was  given  to 
the  drawing  of  the  moisture  sample,  and  that  question  which 
I  raised  at  the  meeting,  I  wish  to  carry  further. 

It  has  been  my  experience  that  the  moisture  sample  is 
apt  to  be  the  one  most  difficult  to  take  and  the  usual  methods 
of  taking  it  are  open  to  considerable  criticism.  I  have  never 
seen  put  in  practice  a  system  of  drawing  the  moisture  sample 
which  I  consider  is  not  open  to  serious  objection.  The  moisture 
percentage  really  is  a  discount  on  the  assay  returns  of  the 
sample.  .  It  is  equivalent  to  this  because  it  is  a  deduction  on 
the  total  weight  of  the  shipment. 

Sampling  float  concentrates,  which  may  have  from  30  to 
50%  of  moisture,  represents  a  limit  on  one  side,  and  dry  ores 
in  an  arid  country,  is  probably  the  other  limit;  and  between 
these  two  we  may  have  all  classes  of  material  and  differences 
in  moisture  percentage.  The  moisture  contained  in  the  sample 
taken, for  moisture  will  depend  on  the  humidity  in  the  air  on 
the  day  that  the  sample  is  drawn.  Sampling  very  damp 
material  when  there  is  a  very  low  humidity,  will  result  in  a 
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lower  moisture  content  than  if  the  same  methods  are  used  for 
the  same  material  when  the  humidity  is  say  100%.  Ores 
apparently  dry  will  be  found  to  contain  some  moisture  when  a 
sample  is  dried  at  105°C. 

A  problem  in  sampling  for  moisture  which  perhaps  would 
be  quite  foreign  to  anything  in  the  Cobalt  district  was  the 
sampling  in  carload  lots  of  jig  and  table  concentrates  which 
would  contain  from  eight  to  ten  per  cent,  of  water.  These 
were  received  at  the  smelter  in  steel  gondolas.  When  loaded 
these  concentrates  were  practically  free  of  loose  water.  Their 
railway  journey  was  sufficiently  long  to  give  the  concentrates 
opportunity  to  pack  and  there  was  frequently  on  the  top  of 
the  car  up  to  say  six  inches  of  loose  water.  Such  a  lot  is  not 
easily  sampled  for  moisture  content.  We  syphoned  this  water 
off  into  a  tank  where  it  could  be  measured  and  made  a  correc- 
tion for  it  on  the  sample  taken  for  moisture.  Concentrates 
that  have  received  a  preliminary  drying  at  the  mill  and  which 
are  often  shipped  loose  in  box  cars,  may  if  the  weather  is  hot 
and  dry,  or  if  they  are  a  long  time  on  the  road,  show  very  materi- 
ally different  moisture  percentages  throughout  the  car.  The 
usual  practice  is  to  send  a  man  into  the  car  to  draw  a  sample 
after  the  car  has  been  half  unloaded.  On  the  top  of  the  pile 
and  on  the  sides  these  concentrates  may  be  quite  dry,  and  I 
believe  that  it  is  impossible  to  correctly  sample  the  moisture 
content.  Not  enough  attention  is  paid  to  the  manner  of  taking 
moisture  samples.  A  company  shipping  such  material  to  a 
smelter  may  have  a  representative  at  the  plant  who  will  check 
the  railway  weights.  He  will  follow  carefully  the  lot  and  watch 
the  method  followed  in  sampling  the  ore  and  even  its  pulping 
and  placing  in  packages.  He  seldom,  if  ever  takes  his  own 
moisture  sample  and  if  he  should  do  so,  it  is  doubtful  if  he 
would  obtain  the  same  result  as  the  man  who  draws  the  sample 
for  the  smelter. 

Coarse  ores,  in  carload  lots  which  have  to  go  through  the 
crushing  plant  before  any  sampling  is  begun,  may  take  up 
moisture  on  a  rainy  day  or  materially  loose  moisture  if  the  day 
is  hot  and  dry.  I  have  seen  sampling  foreman  turn  the  hose 
on  the  ore  in  order  to  keep  down  dust.     The  moisture  sample 


Sami'linc  Cobalt  Silver  Ores — Camphell  239 

in  such  cases  will  have  to  be  drawn  from  about  the  same  materi- 
al as  the  sample  for  values,  the  hose  in  this  case  being  a  corrector 
for  a  dry  day. 

Mr.  Campbell  says  (page  228  of  this  volume)  "with 
rare  exceptions  the  two  moistures  check  to  the  second  decimal 
place."  Does  he  mean  Ijy  this  that  moistures  check  to  the 
the  second  decimal  of  the  percentage  found.  If  the  moisture 
is  determined  on  five  pounds  of  ore,  which  is  a  common  quan- 
tity "for  ores  of  ordinary  value,"  it  would  be  necessary  to 
weigh  to  an  error  of  four  one-thousandths  of  an  ounce  to  attain 
such  a  result. 

I  would  be  interested  to  know  how  the  moisture  deter- 
mination is  actually  made,  and  if  Mr.  Campbell  considers 
that  the  moisture  content  of  the  lot  has  been  determined 
with  a  greater  accuracy  than  a  half  of  one  per  cent. 

Moisture  scales  used  for  ores  of  ordinary  value  usually 
read    0.5%. 


Mr.  G.  a.  Smoot — {Communication  to  the  Secretary) : 
The  detailed  information  given  in  Mr.  Campbell's  very  in- 
eresting  paper  on  the  sampling  of  Cobalt  silver  ores  shows 
what  may  be  done  under  very  difficult  conditions  by 
adapting  machinery  exactly  to  meet  requirements. 

If  credit  is  due  to  our  Company  for  initiating  the  method 
of  taking  four  separate  samples  of  these  ores  from  the  very 
beginning,  it  is  certainly  due  to  Messrs.  Campbell  and  Deyell 
for  being  the  first,  and  so  far  as  I  know,  the  only  people  who 
have  adapted  machinery  to  meet  most  difficult  sampling 
conditions  in  such  a  way  that  the  integrity  of  the  work  can 
hardly  be  questioned,  and  the  sources  of  error,  if  any  errors 
are  shown  by  disagreement  of  the  final  assays,  can  be  traced 
to  their  cause  in  the  operation. 

In  the  early  days  of  production  from  the  Cobalt  camp, 
everyone  was  in  a  hurry  to  convert  his  ore  into  money,  and 
the  difficult  task  of  equitably  valuing  the  ore  was  entrusted 
to  our  Company.  We  realized  at  once  that  the  sampling 
problem  was  different  from  any  other  previously  handled,  be- 
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cause  not  only  were  values  very  large,  but  also  they  were  most 
unevenly  distributed,  in  the  form  of  nearly  pure  metal  asso- 
c.ated  with  other  minerals  relatively  low  in  silver;  so  it 
appeared  that  the  only  way  to  obtain  accurate  results  was  to 
check  sampling  operations  from  the  very  beginning;  in  other 
words,  to  sample  each  lot  four  times,  whereby  the  concordance 
of  the  assays  of  the  four  separate  samples  would  prove  the 
accuracy  of  the  operation,  provided  there  were  no  errors 
constantly  in  one  direction  in  the  sampling  operation  itself. 
The  problem  was  further  complicated  by  the  fact  that  buyers 
at  that  time  objected  to  very  fine  crushing  of  the  material  as  a 
whole,  although  a  larg?  part  of  it  had  to  be  crushed  finely 
to  obtain  trustworthy  samples,  and,  of  course,  to  obtain  any 
reasonably  concordance,  the  largest  pieces  of  silver  had  to  be 
removed  before  sampling  operations  were  conducted  at  all, 
because  it  was  simply  impossible  to  crush,  grind  or  cut  the  larger 
metallics. 

Withdrawal  of  objections  to  fine  ore  by  the  buyers  and 
the  introduction  of  the  ball  mill  whereby  all  of  the  coarse 
metallics  are  removed  and  treated  as  an  entity,  has  greatly 
simplified  the  sampling  problem,  and  it  is  not  as  necessary 
now  that  four  samples  should  be  made  as  it  wa^  in  the  early 
days,  although  to  get  the  highest  accuracy  practically  attain- 
able, the  average  of  four  separate  samples  is  certainly  better 
than  that  of  two,  and  in  any  case,  it  is  better  to  take  separate 
samples  from  the  very  beginning  than  it  is  to  sub-divide  a 
single  sample  into  duplicate  or  quadruplicate  samples  at  some 
stage  in  the  process. 

In  sampling  the  complicated  Cobalt  ores,  or  in  fact  in 
any  sampling,  it  must  be  borne  in  mind  that  sample  cutting  at 
frequent  intervals  is  in  effect  exactly  analagous  to  mixing; 
thus,  if  by  repeatedly  cutting  small  portions  from  an  ore 
stream  so  that  it  is  exactly  divided  into  quarters  and  each 
quarter  is  exactly  like  all  the  other  quarters  (although  different 
parts  of  each  quarter  will  differ  from  other  parts  of  the  same 
quarter),  yet  as  a  whole,  each  quarter  will  accurately  repre- 
sent the  whole  lot,  and  in  the  end  the  result  is  the  same  as  though 
all  of  the  ore  were  crushed  and  carefully  mixed  and  then  di- 
vided  by   accurate   quartering   into   four   separate   piles.      In 


SAMPLiN(i  Cohalt  Silver  Ores — Campbell  241 

\\\v  lallor  case,  how.vor,  i)rovicled  the  ore  was  crushed  finely 
enough  at  first,  any  part  of  each  quarter,  containing  a  suffic- 
ient number  of  particles,  will  give  a  correct  average  of  fine 
and  coarse,  and  will  be  an  ac  urate  sample  of  the  ore;  whereas 
in  the  former  case,  each  quarter,  although  in  itself  being 
representative  of  all  the  ore,  is  heterogeneous,  and  an  ac- 
curate sample  can  only  be  taken  from  it  by  further  cutting  at 
sufficiently  frequent  intervals.  That  this  is  accomplished  by 
the  means  described  by  Mr.  Campbell  there  can  be  no  manner 
of  doubt,  but  it  is  also  evident  that,  with  a  well-mixed  material 
from  which  sharp  differences  have  been  removed,  correct 
samples  may  be  taken  by  other  means.  And  this  leads  to  the 
statement  that  with  comparatively  fine  ore,  fairly  well  mixed 
before  sampling  is  attempted,  samples  as  accurate  as  machine 
sampling  may  be  taken  by  hand  methods,  or  by  hand  methods 
aided  by  a  simple  divider,  preferably  of  the  Jones  type. 

The  sampling  method  used  at  some  of  the  smelting  works 
and  also,  substantially,  by  our  own  Company,  is  conducted 
as  follows: 

Crude  ore  is  crushed  and  rolled  to  pass  a  ^''  screen.  The 
product  from  the  rolls  is  elevated  to  a  trommel  from  wdiich 
the  oversize,  excepting  large  pieces  of  silver  which  are  re- 
moved by  hand,  is  returned  to  the  rolls  for  re-crushing.  Coarse 
metallic  is  weighed  and  treated  by  itself  as  bullion  by  melt- 
ing. 

The  3^  product  from  the  trommel  is  discharged  into 
small  barrows  from  w^iich  it  is  distributed  in  a  long  narrow 
ridge.  The  ridge  is  turned  over  once  by  shovelling,  for  the 
purpose  of  mixing,  and  a  new  ridge  is  formed  in  which  sharp 
lines  of  value  between  different  parts  have  been  eliminated 
by  the  mixing  and  ridging,  although  mixing  is  by  no  means 
perfect.  The  ridge  is  divided  by  half  shovelling  into  two 
ridges,  taking  care  to  distribute  the  shovelfuls  evenly  over  the 
tops  of  the  ridges.  The  two  ridges  are  further  divided  by  half 
shoveling  each  into  two  other  ridges,  thus  making  four  ridges, 
each  constituting  about  one-fourth  of  the  lot.  These  four 
ridges  are  only  approximately  of  equal  weight.  They  are, 
however,   of   substantially   the   same   percentage   composition, 
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as  will  be  shown  later.  Considering  each  shovelful  as  a  cut, 
the  number  of  cuts  is  much  less  than  in  the  mechanical  samp- 
ling method  described.  Thus  in  a  30-ton  lot,  assuming  each 
shovelful  to  weigh  20  lbs.,  (which  is  about  the  average),  3000 
cuts  will  be  made  in  dividing  the  first  ridge  into  halves,  and 
1500  cuts  will  be  made  in  dividing  each  of  the  two  ridges 
into  halves.  In  dividing  the  whole  sample  into  quarters, 
6000  cuts  will  be  made.  Inasmuch  as  the  original  ridge  con- 
sisted of  mixed  ore  without  sharp  differences  between  differ- 
ent parts,  and  each  of  the  other  ridges  is  also  further  mixed 
by  the  half  shovelling  method,  this  comparatively  small  number 
of  cuts  is  sufficient  to  cover  differences  in  the  quarters. 

Each  of  the  four  quarters  is  divided  by  shovelling  through 
Jones  riffles,  one-half  passing  to  reject  and  the  other  being 
again  shovelled  through  riffles  until  each  quarter  is  reduced 
to  about  400  lbs.  It  is  here  impossible  to  figure  the  number 
of  cuts  made  in  each  quarter  since  something  depends  on  the 
width  of  the  shovels  and  the  way  they  are  moved  across  the 
riffles.  It  is  evident,  however,  that  a  very  large  number 
of  cuts  is  made  in  each  quarter  and  that  the  cuts  are  made  in 
material  already  fairly  well  mixed. 

The  400  lbs.  of  3^"  material  is  screened  through  10  mesh, 
the  oversize  being  crushed  by  rolls  to  this  size  and  any  metallics 
being  also  ground  in  a  toothed  mill  until  all  will  pass  10  mesh 
(about  2V")  •  The  fine  product  is  well  mixed  by  coning  and 
again  divided  repeatedly  by  Jones  riffles  until  about  40  lbs. 
remain;  this  is  passed  through  a  20  mesh  screen,  crushing 
all  oversize  and  metallics  to  this  size.  The  sample  is  again 
mixed  and  riffled  to  about  2500  grams,  dried,  weighed  and 
ground  in  a  disc  mill  to  100  mesh.  The  metallics  remaining 
on  the  screen  are  cleaned  by  pounding  in  a  mortar  and  weighed. 
The  100  mesh  pulp  is  mixed  by  passing  it  repeatedly  through 
a  riffle  uniting  the  two  halves  and  re-passing.  Finally  it  is 
passed  through  a  40  mesh  screen  spread  in  a  uniform  layer 
and  cut  into  small  squares  which  are  alternately  placed  in  the 
several  sample  packages.  Metallics  are  divided,  if  this  is 
possible,  into  two  or  more  lots  to  go  with  the  pulps.  If  metal- 
lics are  too  small  to  divide,  alternate  packages  are  assayed 
by  the  buyer  and  seller;    thus  the  metallics  from  sample  No. 
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1  would  be  assayed  by  the  l)uyer,  No.  2  by  the  seller,  and  the 
assays  of  each  accepted  by  the  other. 

Concentrate  and  Slime  are  sampled  in  the  same  way  as 
ore  except  that  no  preliminary  crushing  is  required.  These, 
and  also  the  crude  ore,  are  dampened,  if  this  is  necessary, 
to  prevent  dusting  during  the  operations. 

The  following  assays  of  samples  taken  recently  by  the 
above  method  show  the  concordance  of  the  four  samples 
which  is  sufficient  evidence  of  the  accuracy  of  the  method. 
As  very  little  high  grade  ore  is  now^  shipped,  rich  samples  are 
not  available  for  comparison. 

Silver,  ounces  per  ton 


A 

B 

C 

D 

E 

No. 

1 

2269.7 

2082 . 8 

1527.7 

535.8 

353.3 

No. 

2 

2263.6 

2079.2 

1533.0 

538.5 

355.1 

No. 

3 

2260.7 

2072 . 6 

1528.6 

540.1 

358.6 

No. 

4 

2267.2 

2080.4 

1526.2 

544  5 

355.1 

Average         2263.1  2078.8  1528.9         539.7  355.5 

It  is  our  experience  that,  in  general,  the  results  agree 
as  well  as  those  obtained  by  machine  sampling  if  sufficient 
care  is  taken  with  the  operations,  but  great  care  is  essential. 

The  reject  from  the  4001b.  sample  is  kept  in  reserve 
until  assays  are  completed.  If  there  is  a  serious  difference 
shown  in  the  assays  of  any  one  of  the  four  samples,  the  re- 
ject from  it  is  again  sampled  down  and  a  new  sample  taken. 
Whenever  such  differences  have  occurred,  they  have  been 
corrected  by  re-sampling  the  400-lb.  sample,  showing  that 
errors  occur  in  the  final  work  rather  than  in  the  earlier  stages. 

Although  the  data  here  given  show  that  hand  sampling 
of  Cobalt  ore  is  reliable  when  carefully  conducted,  yet  I  agree 
with  Mr.  Campbell  that  machine  sampling  is  more  suitable, 
even  when  hand  sampling  is  aided  by  that  useful  and  impartial 
device,  the  Jones  riffle.  Machines,  to  be  sure,  may  have 
'personal  factors,'  but  these  may  be  discovered  and  intelli- 
gently corrected.  When  the  human  element  enters,  discovery 
and  correction  are  not  always  easily  accomplished. 

(P) 
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A  sampling  mill  adapted  accurately  to  sample  Cobalt 
ores  is  quite  unsuitable  for  most  other  ores  and  certainly 
cannot  be  economically  used  for  san  pling  miscellaneous 
ores  and  furnace  materials,  the  construction  being  neces- 
sarily too  delicate  and  the  work  too  slow  and  costly.  A  mill 
jof  this  kind  must  be  situated  where  it  will  receive  enough 
ore  to  keep  it  constantly  busy  whereby  the  heavy  overhead 
charges  may  be  kept  within  reasonable  limits  per  ton  of  ore 
sampled.  Otherwise,  hand  sampling,  or  rather,  semi-hand 
sampling,  in  the  manner  described  may  be  preferable  on  the 
score  of  economy,  and  under  intelligent  and  careful  manage- 
ment it  is  reliable. 

Assaying. — Usually,  at  least  in  the  U.S.,  these  rich  silver 
ores  are  sold  on  the  results  of  the  so-called  'Commercial 
assay'  which  means  that  the  assays  are  not  corrected  for 
slag,  cupellation  or  volatilization  losses.  Buyers  also  settle 
on  the  basis  of  corrected  assays,  but  in  this  case  the  price 
jjaid  is  less  per  unit  of  silver  than  when  the  commercial  assay  is 
the  basis — or  the  smelting  charge  is  higher — which  amounts 
to  the  same  thing  in  the  end. 

There  is  some  confusion  in  the  term  'corrected  assay.' 
In  the  case  of  bullion,  corrected  assays  are  alv%-ays  made  with  a 
'check'  wherein  an  amount  of  proof  silver  or  gold,  or  both, 
approximately  equivalent  to  the  amount  present  in  the  bullion 
ascertained  by  preliminary  assay  is  weighed  out,  made  up 
to  approximately  the  composition  of  the  bullion  by  adding 
base  metals  actually  existing  in  the  bullion.  The  check  thus 
made  is  assayed  in  the  same  furnace  parallel  with  the  real 
assay.  Whatever  loss  the  known  amount  of  precious  metal  in 
the  'check'  sustains  is  added  to  the  weight  of  metal  obtained 
from  the  bullion  as  a  correction,  the  sum  being  supposed  to 
represent  the  "actual  silver"  present  in  the  bullion.  Aside 
from  differences  due  to  variation  in  the  bullion  samples,  this 
is  not  always  the  case.  Small  amounts  of  minor  impurities 
present  in  the  bullion  but  not  considered  in  making  up  the 
checks,  undoubtedly  influence  the  results  to  some  extent; 
so  also  do  slight  differences  in  muffle  temperature  and  draught 
and  in  cupel  texture.     So  great  an  effect  do  these  small  factors 
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have  llial  it  is  usual  lo  spill  (lillVrcuccs  of  one  part  ])er  tliousand 
or  "^D  o/.s.  per  ton  in  settlinj^  low  grade  bullion  assays.  Pure 
bullion  may  be  assayed  more  elosely. 

In  the  ease  of  ores  and  furnace  materials,  however  rich, 
which  are  subjected  to  a  preliminary  smelting  to  remove 
gangue  before  refining,  corrected  assays  are  generally  under- 
stood to  mean  assays  in  which  the  slag  and  cupels  resulting 
from  the  original  or  commercial  assays  are  ground  and  re- 
assayed  either  individually  or  together,  and  the  precious 
metals  thus  recovered  are  added  as  a  correction  to  the  weight 
first  obtained.  This  method,  while  approximating  the  actual 
silver  contents  of  an  ore,  frequently  gives  results  a  little  too 
high,  for  although  silver  lost  by  volatilization  is  not  recovered 
and  the  corrections  themselves  suffer  certain  slag  and  cupel 
losses,  yet  on  the  other  hand,  the  cupelled  metal  from  both 
the  first  and  second  operations  is  not  pure — it  invariably 
retains  lead  and  often  certain  impurities  from  the  ore  which 
more  than  offset  volatilization  losses.  The  result,  though 
nearer  to  the  real  silver  contained  in  the  ore  than  the  commercial 
assay,  is  nevertheless  somewhat  uncertain,  but  not  more  so, 
I  believe,  than  the  result  of  corrections  by  'check.' 

The  assay  method  described  by  Mr.  Campbell  is  the  straight 
scorification  method  with  a  'check'  giving  a  corrected  assay, 
from  which  an  agreed  figure  is  deducted  to  give  the  commercial 
assay.  This  procedure  is  entirely  logical,  and  theoretically, 
it  should  give  a  more  constant  basis  of  settlement  than  the 
results  of  the  straight  commercial  assay;  but  inasmuch  as 
the  corrected  assay  is  itself  subject  to  variations,  it  may  be 
doubted  whether  the  net  result  is  practically  more  satis- 
factory, and  it  is  contrary  to  custom,  within  the  usual  under- 
standing of  the  term  'corrected  assay.' 

The  assay  charge  used  in  the  straight  fire  method  practised 
at  Cobalt  is  small  (1-10  A.T.),  and  the  variation  in  quad- 
ruplicate determinations  is  large,  amounting  to  0.4%-0.5% 
in  the  instances  given.  How  then  can  the  'actual'  silver 
be  determined,  and  wherein  is  it  better  to  make  a  corrected 
assay  which  itself  is  necessarily  imperfect,  being  the  average 
of    four    considerably    varying    results    corrected    by    a    figure 
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which  at  the  best  is  only  an  approximation  of  the  losses  sus- 
tained; deducting  from  this  sum  an  arbitrary  amount  to  get 
the  commercial  assay?  In  one  point  only  is  there  any  ad- 
vantage; however  skillful  the  assay er,  muffle  temperatures 
vary  slightly  from  day  to  day,  draught  differs  a  little  and  like- 
wise atmospheric  pressure  and  humidity.  The  exact  posi- 
tion of  cupels  in  the  muffle  affects  results  to  some  extent  also; 
therefore  assays  made  on  different  days  do  not  agree  as  well 
as  those  made  at  the  same  time  in  the  same  muffle.  Checks 
made  with  assays  in  the  same  muffle,  being  subject  to  the 
.'ame  conditions,  are  supposed  to  cover  these  variations, 
that  is,  owing  to  conditions  prevailing  one  day  the  muffle 
losses  are  a  little  higher  than  on  another  day  under  slightly 
varying  conditions,  the  checks  also  will  suffer  greater  losses 
and  the  corrections  will  cover  the  variations.  Corrected 
assays  will  therefore  be  supposedly  more  constant  than  un- 
corrected, giving  a  better  basis  of  comparison. 

The  me. hod  of  assay  used  in  our  laboratory,  and  I  be- 
lieve, practiced  elsewhere,  both  in  the  U.S.  and  Canada,  is 
quite  different  from  the  straight  scorification  method  used 
at  Cobalt.  Quarter  or  half  assay  ton  portions  of  the  pulp 
are  taken,  the  former  weight  if  the  sample  contains  over 
2000  ozs.  per  ton,  the  latter  if  the  silver  is  less  than  this.  The 
pulp  is  treated  in  beakers  with  strong  nitric  acid  added  a 
little  at  a  time  until  danger  of  frothing  is  past.  About  15  C.C. 
of  acid  is  required  for  3^  A.T.  portions  and  100  C.C.  for  ]/2  A.T. 
portions.  The  solutions  are  heated  on  a  steam  bath  until 
red  fumes  cease  to  be  generated  and  then  they  are  diluted 
with  200  C.C.  of  distilled  water  and  allowed  to  stand  until 
cold — best  over  night.  It  is  very  important  that  the  solu- 
tions be  a  lowed  to  stand  before  they  are  ffltered  because 
with  certain  ores  containing  much  arsenic  together  with  some 
antimony  and  lime,  a  white  crystalline  coating  appears  on 
the  bottoms  and  sides  of  the  beakers  which  cannot  be  de- 
tached by  washing  or  even  scraping.  This  coating  contains 
a  little  silver  and  if  it  is  not  allowed  to  form  in  the  original 
nitric  acid  solution  it  forms  later  on  in  the  process  and  makes 
trouble  Insoluble  residues  are  filtered  off  and  washed  thorough- 
ly.    If  there  is  any  coating  on  the  sides  and  bottoms  of  the 
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beakers  which  (•aiiiiol  be  readily  detached  with  a  piece  of 
filler  ])aper,  it  is  Irealed  in  the  beaker  with  a  hot  solution 
of  caustic  soda  which  quickly  disintegrates  it.  The  caustic 
soda  solution  is  acidulated  with  a  little  nitric  acid  and  washed 
into  the  filter  with  the  insoluble  residue.  Most  of  the  silver 
ts  dissolved  by  the  original  nitric  acid  treatment  and  passes 
through  the  filters  as  silver  nitrate,  but  a  little  remains  with 
ihe  insoluble.  If  the  insoluble  residues  are  large  in  amount 
they  are  dried  and  burned  in  crucibles,  fused  with  sodium 
carbonate,  borax  glass,  litharge  and  a  reducing  agent.  If 
they  are  small,  they  are  dried  and  burned  in  scorifiers  and 
scorified  with  test  lead  and  borax  glass.  In  either  case,  the 
lead  buttons  from  the  insolubles  are  reserved.  Standard 
sodium  chloride  solution  is  added  to  the  nitric  acid  solutions 
containing  most  of  the  silver  in  amount  sufficient  to  pre- 
cipitate all  silver  as  chloride,  but  avoiding  any  considerable 
excess  of  the  precipitant.  The  silver  chloride  is  stirred  brisk- 
ly until  it  agglomerates  and  then  allowed  to  stand  for  an 
hour  until  it  settles  and  the  supernatant  liquid  becomes  clear. 
If  it  remains  cloudy,  rapid  stirring  is  repeated  and  it  is  again 
allowed  to  settle.  The  clear  solutions  are  filtered  through 
double  filter  papers  and  the  silver  chloride  precipitates  trans- 
ferred to  the  filters  by  a  water  jet  and  there  washed  slightly 
with  w^ater.  The  beakers  are  washed  well  with  a  wash  bottle 
jet  and  any  traces  of  silver  chloride  remaining  in  them  are 
wiped  oft'  with  small  pieces  of  filter  paper  which  are  placed  in 
the  filters.  Filters  containing  the  silver  chloride  are  trans- 
ferred to  scorifiers  which  have  been  glazed  on  the  inside  by 
melting  litharge  in  them  and  pouring  away  the  excess.  The 
glazing  is  done  to  prevent  the  porous  scorifiers  from  absorbing 
moisture  from  the  damp  paper,  and  as  a  further  protection,  a 
small  disk  of  pure  sheet  lead  is  placed  beneath  the  filter  papers. 
The  scorifiers  are  transferred  to  a  closed  oven  heated  to  about 
250°-300°C.,  where  they  are  dried  and  the  paper  is  slowly 
charred  until  it  is  practically  all  consumed  except  a  small 
amount  of  carbon.  This  method  of  burning  the  filter  papers 
is  an  essential  step,  since  it  avoids  losses  of  silver  chloride 
which  are  apt  to  occur  if  the  burning* is  done  rapidly  in  a 
mufile.      Fine   test   lead   is   sprinkled   over   the   burned   silver 
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chloride  residues  and  the  lead  buttons  resulting  from  the 
crucible  fusions  or  scorifications  of  the  corresponding  residues 
insoluble  in  nitric  acid  are  added.  Scorification  is  then  con- 
ducted at  a  low  temperature  so  as  to  obtain  15-gram  lead 
buttons.  These  are  cupelled  at  a  low  temperature,  taking 
care,  in  the  case  of  large  silver  buttons,  to  avoid  'spitting' 
at  the  end  of  the  cupellation. 

This  combination  method,  properly  conducted,  yields 
results  higher  and  more  concordant  than  can  be  attained  by 
any  all-fire  process.  It  is,  nevertheless,  a  commercial  assay 
and  is  acceptable  to  the  smelters  since  it  does  not  include 
slag  and  cupel  corrections.  Inasmuch  as  all  impurities  likely 
to  effect  variations  in  the  volatilization  and  slag  losses  are 
removed  prior  to  the  fire  work,  the  results  of  assays  made  on 
different  days  and  indifferent  muffles,  under  different  conditions, 
are  more  uniform  than  when  the  fire  assaying  is  done  directly 
on  the  untreated  ores. 

Small  amounts  of  bismuth  occurring  in  the  Cobalt  silver 
ores  are  a  source  of  irregularity  in  that  bismuth  is  retained 
to  some  extent  by  silver  after  cupellation.  In  the  combination 
method,  bismuth  is  eliminated  before  any  fire  work  is  done. 
It  is  also  essential  that  the  test  lead  shall  be  free  from  bismuth. 
Bismuth-free  lead  can  be  obtained,  but  most  brands  ol  test 
lead  contain  sufficient  bismuth  to  interfere  seriously  with 
accuracy  in  silver  assaying. 

The  following  examples,  taken  at  random,  of  recent 
assays  made  in  our  laboratory  will  serve  to  show  the  concord- 
ance of  assays  by  the  combination  method: 

Charge  H  A  T. 
Sample  A 


Weight 

Ozs.  per  ton 

823 . 0 

m.g. 

3292.0 

822.4 

<< 

3289.6 

823.2 

" 

3292.8 

824 . 5 

^' 

3298.0 

3293.1 

" 

4   13172.4 

3293.1 
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Charge  34  A.T. 

Weight 

0 

zs.  per  ton 

759.5  m.g. 

3038 . 0 

759.3     " 

3037 . 2 

Sample  B 

759.4     " 

3037.6 

759.3     " 

3037.2 

3037.5     " 

4 

12150.0 

3037.5 


Charge  Yi  A.T. 

480.8 

m.g. 

961.6 

481.4 

<( 

962.8 

Sample  C 

481.5 

" 

963.0 

481.9 

<< 

963.8 

2  1925.6 

(t 

4  3851.2 

962.8 

ozs.  p 

t 

962.8 

137.4 

m.g. 

274.8 

137.0 

<< 

274.0 

Sample  D 

137.0 

" 

274.0 

137.6 
2  549.0 

<< 

275.2 

4  1098.0 

274.5 

ozs.  p 

t 

274.5 

Four  assays  are  made  of  each  individual  sample  and  as 
the  amount  taken,  being  3^  or  i^  A.T.  for  each  determination, 
is  far  greater  than  the  amount  which  can  be  taken  for  the 
direct  fire  assay,  the  sample  is  represented  better  and  varia- 
tions are  thus  reduced  in  effect. 

Metallic  scales  from  the  four  samples  are  assayed  separate- 
ly by  the  all-fire  process  using  1-gram  charges,  and  when  the 
amount  of  scales  is  small,  as  many  assays  of  each  sample 
are  made  as  the  amount  of  scales  will  permit,  but  in  cases 
where  the  amount  of  scale  is  large,  six  1-20  A.T.  portions  are 
used. 
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In  calculating  the  average  assay  of  fines  and  scales,  a 
method  somewhat  simpler  than  that  given  by  Mr.  Campbell 
is  as  follows:  From  the  assay  of  the  scale  in  ounces  per  ton 
subtract  the  assay  of  the  fines  in  ounces  per  ton  and  multi- 
ply the  difference  by  the  percentage  of  metallic  scale  in  the 
sample.  The  result  is  Addition  for  Scale,  i.  e.,  the  amount 
to  be  added  to  the  assay  of  the  pulp  to  give  the  total  assay 
of  the  sample.     The  derivation  of  this  method  is  as  follows: 

If         a  =  percentage  of  metallic  scale 
100  "■  a  =  percentage  of  fines 

s  =  assay  of  scale  in  ounces  per  ton 
f  =  assay  of  fine  "  " 

X  =  average  assay  of  sample  in  ounces  per  ton. 
X  "  f  =  addition  for  scale 
Then      as+(100-a)  f  =  x 
100 
as  =  100f-af  =  100x 

as-af  =  100x-100f 
■^      (s'~f)=x~f  =  addition  for  scale 
100 

The  Cobalt  camp  is  to  be  congratulated  on  having  an  effi- 
cient mill  available  for  the  exact  sampling  of  its  unique  ore 
and  mill  products,  and  Messrs.  Campbell  and  Deyell  are 
certainly  to  be  commended  for  their  skill  and  courage  in 
establishing  such  an  excellent  plant. 

Anyone  who  is  interested  in  the  design  and  construction 
of  sampling  mills  for  any  ore,  of  whatever  character,  will 
do  well  to  study  Mr.  Campbell's  valuable  paper. 


Mr.  C.  St.  G.  Campbell — {Communication  to  the 
Secretary)  :  I  have  read  with  great  pleasure  the  criticism  of  my 
paper  contributed  by  Mr.  Smoot.  I  regard  the  endorsement  of 
the  process  in  so  many  of  its  essentials,  by  such  an  eminent 
authority,  as  being  in  the  nature  of  a  reward.  I  also  desire 
to  express  my  sincere  appreciation  of  the  courtesy  and  fair- 
ness with  which  Mr.  Smoot  has  dealt  with  the  points  upon 
which  we  differ. 
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To  a  careful  reader  it  will  he  (luile  evident  that  the  ex- 
ponents ol"  hand  saniplinji;  and  machine  .sani])lin<2;,  so  called, 
are  now  niergin<>;  into  one  school.  No  method  is  altogether 
a  hand  process,  for  in  all  cases  some  mechanical  device  must 
be  used;  and  again,  the  use  of  machines  cannot  be  altogether 
com])lete,  but  must  be  aided  by  hand  mani})ulation,  at  least 
when  the  sample  is  being  finished.  The  'personal  equation' 
in  a  midtitude  of  forms  is  always  present  and  in  all  cases 
must  be  practically  eliminated  Avhere  a  high  or  low  result  is 
consistently  produced.  In  many  steps  of  the  process  it  is 
not  possible  to  eliminate  the  elements  of  variation,  conse- 
quently such  steps  must  be  perfected  as  well  as  the  value  of 
the  ore  will  permit  and  then  the  remainder  of  the  process 
brought  to  the  same  degree  of  efficiency.  In  this  way  hair- 
splitting w^ill  be  avoided.  The  chief  danger  is  not  in  the  method 
which  gives  a  variation  above  and  below  the  true  value,  of 
say  1%,  but  in  the  method  which  is  consistently  0.1%,  say, 
too  high  or  too  low^  In  the  first  case,  the  error  will  balance 
over  a  period;  in  the  second,  however,  there  is  an  increment 
of  loss  to  either  buyer  or  seller.  In  all  cases  the  degree  of 
refinement  will  be  regulated  by  the  value  of  the  ore. 

As  far  as  possible,  w^e  have  applied  to  the  various  methods 
some  check,  such  as  described  on  pages  216-222,  for  the  dupli- 
cate vezin.  In  this  connection  Mr.  Smoot's  remarks  in  reference 
to  the  Jones  Riffles  bring  to  my  mind  the  trouble  we  have 
had  with  this  device.  When  the  plant  first  operated  it  was 
the  custom  to  reduce  four  1500  pound  samples  by  riffle  to 
15  pounds  each.  In  addition  this  cutter  has  been  in  daily 
use  in  the  reduction  of  samples  from  the  mines.  This  work, 
then,  has  allowed  ample  opportunity  to  test  the  Riffler.  Given 
the  same  operator  always  discharging  the  same  material  to 
the  riffles  in  the  same  way,  it  was  found  that,  unknown  to 
said  operator,  one,  and  always  the  same,  half  was  invariably 
higher  in  value  than  the  other.  It  will  be  seen  that  it  would 
not  be  good  practice  to  take  the  results  of  four  samples  cut 
•down'  in  this  w^ay,  even  should  they  agree  very  closely  w^ith 
each  other.  The  average  would  be  either  too  high  or  too 
low,  according  to  the  halves  selected.  The  remedy  for  most 
of  this  trouble  w^as  found  by  discharging  the  material  in  small 
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portions  to  the  RifBer,  alternating  from  side  to  side  of  the 
riffles,  that  is,  feeding  in  the  direction  of  one  discharge  and 
then  the  other.  There  are  a  number  of  othir  well  known 
rules  with  regard  to  this  cutter  which,  of  course,  must  be 
observed.  I.  Riffles  sufficiently  wide  to  prevent  bridging 
of  coarse  particles  or  fine  pulp.  II.  Feed  pans  to  be  just  as 
wide  as  total  width  of  riffles.  III.  Same  number  of  riffles 
discharging  to  each  side.  IV.  Material  to  be  spread  evenly 
across  the  feed  pan.  V.  Material  placed  on  the  riffles  well 
towards  their  centre.  A  disregard  of  these  points  will  invariably 
cause  biased  results. 

I  do  not  wish  to  imply  that  such  careful  operators  as 
Messrs.  Ledoux  &  Company  would  fall  into  these  errors, 
but  I  do  think  much  trouble  is  caused  in  metallurgical  work 
through  an  incomplete  knowledge  of  the  dangers  in  the  use 
of  the  Jones  Riffle. 

^Yhen  ore  is  pulverized  to  No.  100  mesh  or  finer,  the 
Jones  Riffle  may  act,  perhaps,  as  a  mixer.  Of  No.  80  mesh 
or  coarser  this  cannot  be  said.  Such  comparatively  coarse 
grained  product  has  not  sufflcient  fine  dust  attendant  to  fill 
up  the  interstices  and  keep  the  large  particles  from  free  motion. 
As  a  result,  a  separation  occurs  as  the  material  falls  through 
the  riffles,  the  coarsest  particles,  which  are  usually  the  heaviest 
and  richest,  roll  to  the  foot  of  the  ridge  which  forms  in  the 
collecting  pan,  effecting  a  concentration.  Thus  it  is  neces- 
sary in  dealing  with  such  a  product  to  mix  well  between  eachi 
division  of  the  sample  on  the  Riffler. 

Assaying. — The  corrected  or  Actual  Assay  used  at  Cobalt 
is  considered  deficient  by  Mr.  Smoot  chiefly  for  two  reasons:; 

First:  The  complex  nature  of  the  Cobalt  Ores  contrive,, 
irrespective  of  good  fluxing  and  proper  care,  to  send  impurities 
into  the  final  bead,  and  these  impurities  are  not  cancelled, 
by  running  a  'check.' 

Second:  The  divergence  between  the  four  assays  of 
from  0.4%  to  0.5%  render  superfluous  such  refinement  as 
represented  by  the  Actual  Assay. 

In  answer  to  the  first,  I  may  say  that  a  great  number 
of  tests  show  that  the  only  impurities  in  the  beads  are  lead 
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and  bisiimlh.  'I'ho  load,  ol'  course,  is  derived  from  the  test 
lead,  and  in  great  part  also  is  the  bismuth.  Some  bismuth 
does  come  from  the  ore,  as  much  as  0.3  i)arts  per  1000  in  weight 
of  bead,  under  the  conditions  obtaining  in  Cobalt.  The 
bismuth  is  present  in  the  ore  in  the  native  form;  so  it  was 
considered  a  good  test  to  add  different  quantities  of  metallic 
bismuth  to  different  assays  of  the  same  pulp — the  bismuth 
was  found  not  to  be  increased  in  the  cupelled  bead,  by  such 
addition.  This  0.3  parts  per  1000  is  agreed  to  be  a  consistent 
error  in  favour  of  a  high  value,  with  certain  classes  of  ores. 
It  is  a  maximum  amount,  however,  and  it  is  small  and  of  no 
consequence  when  errors  of  other  methods  are  considered. 
The  bismuth  and  lead  derived  from  the  test  lead  is  retired 
by  the  'check'  or  proof. 

I   am  indebted  to   Messrs.   Ledoux   &   Company  for  the 

following  lucid  algebraic  method  of  expressing  these  problems : — 

Let  A  =  Exact  weight  of  silver  in   1/10  A.T.   of  pulp  or 

scales. 

B  =  Weight  of  proof  silver  taken  for  corrector  should 

be  theoretically  the  same  as  A 
C  =  Scorification  and  Cupellation  losses. 
D  =  Lead,     Bismuth    and    other    impurities     derived 
from    test    lead — same    amount    in    both    assay 
and  corrected  beads. 
E  =  Impurities  from  ore  retained  in  assay  bead. 
For  the  assay  we  obtain  the  following: 

A-C+D+E 
And  from  the  proof  or  corrector  this  bead: 
B-C  +  D 

The    difference   between   the   proof   silver    and   the   bead 
B 

B-C-D 
resulting  therefrom      =      C  —  D 

And  this  added  to  the   weight  of  the  assay  bead 
A-C+D+E 
C-D 
thus.     =    A  +E    as  the  final  assay  result(A  +  E).     That 
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is  the  final  result  is  higher  by  E  (0.3  parts  per  1000  as  a  maxi- 
mum), than  the  correct  amount  of  silver  in  the  1/10  A.T.  charge 
taken.  If  no  corrector  was  used,  a  very  low  cupelling  heat 
would  be  required;  under  such  conditions  the  impurities 
would  collect  in  great  quantities  in  the  assay  bead. 

There  is  no  doubt  that  in  careful  hands  that  quadrupli- 
cate determinations  by  the  Combined  Method  check  very 
closely,  but  it  is  not  quite  fair  to  compare  the  four  assays 
on  one  sample  at  Cobalt,  in  the  same  way.  In  the  Combined 
Method  four  assays  are  made  on  one  well  mixed  packet  of 
pulp,  whereas  at  Cobalt  one  assay  is  made  on  each  of  four 
sample  packets.  It  must  be  remembered  that  each  assay 
made  at  Cobalt  is  the  final  result  on  a  sample  and  not  a  check, 
altogether,  on  the  assaying.  To  make  this  clear:  Each  of 
the  four  15  pound  samples  from  the  sampling  machine  is 
ground  until  everything  but  a  few  grammes  of  metallics  pass 
through  No.  100  mesh — considering  the  pulp  alone — this  is 
mixed  by  screening  and  without  any  dimunition  in  bulk  is 
spread  in  a  thin  circular  film  and  divided  radially  into  16 
sectors — four  of  these  sectors  are  selected  at  equal  intervals 
and  sent  to  the  assay  office — they  are  in  effect  four  6.25% 
samples  from  the  15  pound  sample  (there  are  sixteen  of  these 
on  each  car  lot).  Thus  the  concordance  of  the  four  assays 
on  one  of  the  four  original  samples  represents  efficiency  in 
mixing  the  15  pounds  of  pulp,  as  well  as  the  control  of  the 
assay  operations.  I  agree  that  the  results  do  not  check  closely 
enough  for  a  series  of  assays  on  one  small  packet  of  well  mixed 
pulp;  but  considered  as  sample  results,  which  each  in  effect  is, 
the  agreement  is  very  close;  namely,  four  0.04%  samples 
weighing  each  1/10  A.T.  (2.92  gms.),  selected  from  about 
■7000  gms.  of  pulp,  having  an  extreme  variation  between  the 
four  of  0.5%  of  the  average.  The  variation  such  as  it  is  does 
not  vitiate  the  Corrected  Assay,  for,  it  must  be  remembered, 
the  corrector  bead  weighs  approximately  the  same  as  the 
assay  beads  which  it  controls,  and  as  a  result,  correctly  registers 
the  net  loss  which  each  of  such  assay  beads  suffers.  Thus 
€ach  assay  is  presumably  a  correct  result  on  each  of  the  0.04% 
samples  taken  from  the  15  pound  sample. 
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I  seem  to  see  two  serious  objections  to  the  Combined 
Method : 

Firstly:  Notwithstanding  the  fact  that  the  troublesome 
elements  are  dissolved  out  of  the  ore  before  it  is  scorified, 
still,  a  greater  danger  remains  in  the  retention  of  lead  and 
bismuth  from  the  test  lead  amounting  to  about  S.O  j^arts 
per  1000  under  normal  cupellation  conditions.  There  is 
here  no  correction  for  these  impurities  as  in  the  Cobalt  Method. 
Alow  cupelling  temperature  is  necessary  which  renders  probable 
the  retention  of  the  maximum  of  these  impurities. 

Secondly:  The  scales  are  not  treated  in  the  same  manner 
as  the  Fines,  but  by  the  Direct  Scorification  Assay.  No 
correction  is  made  to  this  assay,  and  so  this  part  of  the  opera- 
tion is  open,  to  all  the  objections  which  have  been  advanced 
against  the  Cobalt  Method  and  also  lacks  the  acknowledged 
advantages  of  the  latter. 

The  Actual  (corrected),  Assay  is  the  standard  for  the 
Cobalt  laboratory,  any  deduction  in  the  shape  of  a  fixed 
percentage  which  essays  to  bring  it  to  a  Commerical  Assay 
basis  being  made  with  the  full  knowledge  and  consent  of 
parties  interested.  For  those  who  settle  with  the  smelters 
on  the  basis  of  Messrs.  Ledoux  Company's  combined  assay, 
this  deduction  is  1.1%  and  represents  the  average  amount  by 
which  the  latter's  results  and  ours  have  differed  over  a  period 
of  three  years,  using  all  available  data  in  the  computation. 
This  deduction  undoubtedly  reduces  our  Actual  Assay  to  the 
average  of  the  Combined  Method.  A  difficulty  arises,  however, 
when  it  is  desired  to  compare  the  results  from  the  respective 
laboratories  on  a  single  shipment.  The  umpire  laboratory 
is  here  at  a  disadvantage,  for  under  the  ordinary  procedure 
it  will  receive  only  one  sample  packet  from  each  of  the  four 
samples  on  the  car.  On  this  packet  as  many  assays  as  seem 
proper  may  be  made,  but  it  cannot  be  gainsaid  that  there 
are  three  other  sample  packets  out  of  the  sixteen  that  have 
not  been  assayed,  and  which  the  Cobalt  laboratory  does 
assay.  All  16  packets  are,  properly  speaking,  samples,  and  as 
the  sampling  variation  error  is  doubtless  greater  than  that  of 
the  assaying,  it  will  be  seen  that  other  things  being  equal, 
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the  average  of  Cobalt  results  will  be  closer  to  the  true  figure 
than  the  umpire's. 

It  is  quite  true  that  not  many  ores  are  rich  enough  to 
stand  the  refinement  of  detail,  and  duplication  of  sampling 
and  assaying  operations  to  which  the  Cobalt  silver  ores  are 
subjected.  A  number  of  gold  ore  shipments  have  been  sampled 
by  these  methods  at  Cobalt  in  which  the  value  has  justified 
the  procedure.  The  results  of  several  of  these  shipments  may 
()rove  interesting: 

No.  Silver 

A     1  sample  12.7  Ozs;ton 

2        "  12.8     "     " 


B 


C 


12.9 
12.9 
60.7 
60.6 
59.2 
62.1 
67 . 5 
68.4 
67.5 
66.5 


16.935 

Ozs/ton 

16.827 

16. 775 

16.857 

14.440 

14.430 

14.480 

14.560 

23.500 

23.700 

23.640 

23.540 

These  show  a  percentage  concordance  quite  as  good  as  re- 
quired on  the  high  grade  ores. 

The  objection  advanced  by  smelters  against  shipments 
of  finely  ground  ore  is  becoming  yearly  less  and  less  and  with 
the  rapid  advance  of  wet  metallurgy  and  the  presence  of  so 
much  table  and  slime  concentrates  on  the  market,  a  revolu- 
tion in  sampling  procedure  is  imminent.  Instead  of  a  suc- 
cession of  alternate  crushings  and  sample  cutouts,  the  ore 
will  be  completely  ground  before  it  passes  to  the  sampling 
machines.  As  at  Cobalt,  this  will  permit  two,  three  or  four 
separate  and  simultaneous  samplings  of  the  lot  being  made 
with  a  reasonable  expectation  of  the  final  results  agreeing. 

In  Reply  to  Professor  Guess 

After  the  interesting  remarks  contributed  by  Professor 
Guess  on  the  subject  of  'Moisture,'  I  feel  that  I  should  try 
and  make  amends  for  the  apparent  neglect  of  this  department 


Sampling  Coualt  Silxku  Ores — ('ampbell  257 

in  my  i)ai)er.  It  has  been  implied  that  no  method  so  far 
has  been  discovered  for  taking?  a  moisture  sample  that  is  not 
open  to  serious  objection.  ^Yith  this  I  must  in  a  great  part 
agree.  Most  methods  are  extremely  crude  and  what  is  still 
more  serious,  tend  directly  to  give  a  high  or  a  low  result. 
However,  it  is  not  possible  to  go  to  the  same  limit  of  refinement 
in  selecting  the  moisture  sample  to  which  one  is  justified  in 
going  in  the  case  of  the  assay  sample.  Firstly,  because  this 
very  refinement  would  be  the  undoing  of  the  w^ork.  Much 
handling  will  cause  loss  in  moisture,  whether  the  operation 
be  performed  by  machine  or  by  hand.-  The  sample  must  be 
taken  under  certain  limited  conditions  that  tend  to  confine 
the  degree  of  exactness.  Secondly,  in  particular  application 
to  the  Cobalt  ores,  the  ore  when  shipped  rarely  has  a  moisture 
content  exceeding  2%;  and  as  methods  in  use  render  a  result 
that  is  doubtless  within  0.1%  of  the  true  value;  and  again 
considering  that  the  final  assay  determination  on  the  whole 
lot  is  subject  to  a  much  greater  percentage  variation;  it  is 
therefore,  vain  to  attempt  to  split  hairs  on  the  moisture  sample. 
In  this  respect  it  must  be  understood  that  the  moisture  per- 
centage represents  an  equivalent  percentage  of  ore  and  further 
an  equivalent  percentage  of  values  in  that  ore,  thus  the  moisture 
should  be  determined  to  the  same  degree  of  accuracy  as  the 
assay,  no  less  and  not  necessarily  more.  It  is  pertinent  to 
note  here  that  good  platform  scales  should  weigh  within 
Yl  pound  on  each  ton  truck-load  of  2000  pounds,  that  is  to 
€.025%. 

The  products  presented  for  sampling  at  Cobalt  contain 
moisture  as  follows: — 

Lump  ore,  (8"  to   Yi'  Ring),  including  Jigs  0.25%— 2%. 
Table  and  Slime  Concentrates  0.5%  to  7%. 

On  the  rare  occasions  when  these  limits  are  exceeded, 
the  ore  is  sprinkled,  if  too  dry,  or  dried  on  steam  pipes  if  too 
wet. .  In  fact  it  is  necessary  to  dry  all  ores  containing  more 
than  2%  moisture. 

After  passing  through  the  crushing,  screening,  and 
sampling   machinery,    50%   or   more  of  the   moisture  present 
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when   received,   is   driven   off.      Thus   the   shipping   raoistnres 
are  always  well  below  2%. 

As  stated  by  Professor  Guess,  I  have  said  that  "with 
rare  exceptions  the  two  moistures  check  to  the  second  decimal 
place."  On  perusing  my  notes  I  find  that  I  had  a  slight  mis- 
conception, and  that  it  would  have  been  fairer  to  have  stated 
the  case  as  follows:  "With  rare  exceptions  the  moistures 
check  within  the  limits  of  0.05%  of  the  weight  of  the  samples." 
That  is  to  say,  determinations  would  seldom  diverge  as  much 
as  the  following: 

ABC 

No.  1  Moisture  sample     0 . 1 1  %        0.27%       1.21  % 

0.06%       0.22%        1.26% 


Average  0.085%     0.245%,     1.235% 

Assuming  one  of  the  results  to  be  correct  the  difference  of 
the  average  from  the  correct  result  would  be  0.025%.  This, 
it  will  be  seen,  is  much  better  than  the  assay  standard;  and 
provided  that  there  is  no  error  working  consistently  to  pro- 
duce a  high  or  a  low  result  in  both  samples,  the  average  of 
the  two  is  practically  correct.  Apart  from  the  inherent 
reasonableness  of  the  method  an  excellent  check  is  afforded 
by  the  loss  in  drying  the  assay  samples  which  indicated  a 
moisture  slightly  less  by  0.1%  on  the  average  than  the  real 
moisture  sample.  This  lower  amount  is  to  be  expected  in 
view  of  the  more  circuitous  passage,  through  the  sampling 
machines,  of  the  assay  samples.  Again  we  are  informed  by 
those  smelters  purchasing  on  our  weights  and  moistures  that 
our  respective  net  dry  weights  check  very  closely. 

As  to  the  method:  The  rejects  from  the  sampling  machines 
fall  into  the  bagging  bin;  and  as  the  ore  is  filled  into  sacks, 
preparatory  for  shipment,  the  moisture  samples  are  taken  by 
hand  from  the  bags.  The  bags  as  they  are  filled  are  ])laced 
five  at  a  time  on  a  truck.  A  scoop,  constructed  so  as  to  always 
hold  the  same  quantity,  is  used  for  taking  the  sample,  one 
dip  from  the  top  of  the  last  bag  on  the  truck,  that  is,  a  dip 
every  fifth  bag  (700-800  bags  to  30  ton  lot).  Two  small 
mouthed   moisture  tins   are  used,   each   successive  lot   of  five 
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bags  sending;'  its  scoop  sample  to  allernativc  moisture  tins 
(60  sample  clips  lo  each  tin,  30  ton  lot).  Two  men  bag;  and 
it  is  the  practice  to  give  each  man  one  moisture  tin,  letting 
each  take  every  alternative  sample.  Thus,  in  effect  two 
separate  and  distinct  samj)les  are  extracted  separately  by 
the  two  men.  The  final  results  are  averaged.  When  the  ore 
is  not  weighed  directly  after  the  extraction  of  these  samples, 
another  moisture  determination  must  be  taken  before  shipment,  * 
just  before  weighing  out,  but  for  obvious  reasons,  this  is  a 
more  difficult  determination  to  make. 

I  know  of  no  factor  that  would  materially  effect  both 
these  samples  to  their  prejudice.  The  sample  tins  are  fitted 
with  air  tight  lids,  the  lids  being  removed  a  mere  instant  to 
insert  the  scoop.  The  sample  is  weighed  in  the  moisture 
tin  directly  the  bagging  is  finished,  and  immediately  thereafter 
put  into  the  dryer.  The  temperature  of  the  oven  is  kept 
at  about  110  degrees  Cent.  The  minimum  time  required  to 
dry  the  various  samples  has  been  determined  only  by  ex- 
perience— it  varies  from  6  hours  to  24  hours.  The  only  sure 
test  to  find  that  the  moisture  has  all  been  driven  off  is  to  weigh 
the  sample  putting  it  back  into  the  oven  again  and  again 
until  no  decrease  in  weight  is  obtained.  It  is  in  this  way 
that  we  have  decided  on  the  times  required  to  dry  the  various 
ores  for  the  moisture  and  assay.  Tests  are  made  at  intervals 
as  safeguards,  but  no  evidence  forthcoming  to  cause  us  to 
lose  faith  in  the  efficacy  of  the  method  in  use. 

A  Troemner  kilogram  solution  scale  is  used  for  weighing 
the  samples — this  scale  works  to  the  nearest  gramme.  The 
samples  weigh  not  less  than  10,000  gms.  (about  22  lbs),  usually 
15,000  gms.  or  20,000  gms.  In  the  first  instance  the  scales 
would  be  able  to  determine  with  an  accuracy  of  0.01%  and 
with  greater  degree  as  weight  of  sample  increased.  Con- 
sequently the  moisture  content  can  be  determined  to  0.01% 
or  better,  as  far  as  the  weighing  is  concerned. 

Finally,  in  this  connection,  I  feel  justified  in  assuring 
Professor  Guess  that  the  moisture  has  been  determined  within 
0.5%   and  that  the  degree   of  accuracy  is  well   proportioned 

(Q) 
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to  that  obtaining  in  the  sampling  and  assaying  of  the  ore  to 
obtain  the  silver  values. 

A  few   facts   about   moisture   in   handling   ore  may  prove 
interesting: 

(1)   38    tons    concentrates    lost    738%    pounds    water    in 
•  sampling  operations: 

Moisture  when  received 2 .  96% 

Moisture  when  shipped 2.01% 


Loss 0.95%  =  738  Lbs. 

This  loss  was  due  to  contact  with  air  in  passing  through 
the  trommel  and  sampling  machines.  The  product  was  sampled 
on  a  very  cold  day  in  winter. 

(2)  Crude  ore. 


(a) 

Receiving  moisture 

= 

0.45% 

Shipping  moisture 

= 

0.20% 

Difference 

= 

0.25% 

(a) 

Receiving  moisture 

= 

0.91% 

Shipping  moisture 

= 

0.17% 

Difference 

— 

0.74% 

These  losses  were  due  to  crushing,  grinding  and  screening 
in  hot  ball-mill,  and  falling  of  ground  ore  through  sampling 
machines. 

(3)  Three  shipments  (A,  B,  and  C),  re-passed  through 
sampling  machines. 

ABC 

After  first  sampling  moisture      =      0.25%  1.48%  0.14% 

"      second     '•  •  =      0.15%  1.16%  0.11% 


Loss =     0.10%  541b.     0.32%  1921b.  0.03%  12.51b. 

(4)   Crude  ore  stored  from  one  to  two  weeks  before  sampl- 
ing— loss  varied  from  0.3%  to  10%  by  weight. 
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(5)   Loss  by  evai)oralion  of  water  during  stay  in  Sampler, 
due  to  numerous  agencies: 


Receiving 

Shipping 

Percentage  Loss 

Loss  on  Basis 

Moisture 

Moisture 

By 

Evaporation 

30  Ton  Lot 

3.58% 

1.16% 

2.42% 

1453  Lbs. 

2.32% 

0.30% 

2 .  02% 

1215    " 

1.76% 

0.46% 

1.30% 

780    " 

1.26% 

0.22% 

1.04% 

626    " 

1.00% 

0.12% 

0.88% 

528    " 

0.70% 

0.23% 

0.47% 

286    " 

0.50% 

0.19% 

0.31% 

189    " 

0.38% 

0.07% 

0.31% 

188    " 

The  great  variation  in  the  physical  nature  of  the  ores, 
the  tonnage  handled  and  the  changes  in  the  weather  from 
time  to  time  render  is  extremely  difficult  to  assign  a  value 
to  each  of  the  contributory  factors  causing  loss  of  moisture, 
or  to  deduce  anything  but  general  conclusions.  ]t  is  quite 
evident  that  water  is  driven  off  and  perhaps  again  absorbed 
before  the  ore  sampling  is  completed.  A  few  instances  are 
on  record  w^hen  ore  weighed  more  after  sampling  than  before. 
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By  Victor  G.  Hills,  Denver,  Colorado 


The  paper  contributed  last  year  to  the  Transactions  of 
the  Institute  on  the  above  subject  by  Mr.  G.  C.  Bateman  was 
in  the  writer's  judgment  a  thoroughly  practical  and  valuable 
addition  to  the  literature  of  mine  sampling.  It  was  no  less 
valuable  in  that  its  author  made  no  attempt  to  cover  the  entire 
field  or  to  repeat  that  which  had  already  been  written,  but  on 
the  contrary,  confined  himself  chiefly  to  dealing  with  practical 
points,  wherein  practice  is  most  commonly  deficient  and 
which  are  generally  neglected  in  text  books.  The  following 
quotations  may  be  taken  as  the  keynote  of  his  paper  and 
are  worthy  to  be  emphasized  by  repetition: — "A  number  of 
small  samples  are  better  than  a  few  large  ones;"  "The  sample 
taken  over  too  large  an  area  tends  to  obscure  the  mistakes;" 
"In  a  multiplicity  of  samples  lies  the  engineer's  safeguard;" 
"The  writer  believes  in  cutting  short  sections  in  preference 
to  long  ones  *  *  =^  the  slight  objection  of  extra  cost 
for  assaying  counts  for  little."  The  want  of  consideration  of 
these  particulars  has  long  seemed  to  me  the  weakest  point 
shown  in  the  average  mine  sampler's  practice. 

Rejecting  High  Assays 

About  all  that  had  previously  been  written  along,  this 
line  had  been  in  the  way  of  declarations  of  high  merit  and 
conservatism   by   insisting   on   the   rejection   of    all   extremely 


*  Notes  on  Mine  Sampling,  bv  G.  C.  Bateman  ;  Trans.  C.M.I  ,  Vol.  XVI., 
p.  216-227. 
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high  assay  ret  urns.  This  has  been  done  in  the  face  of  the 
fact  that  many  IxxHes  of  ore  yiehl  reguhir  i)r()nts  where  sampUng 
would  never  have  shown  a  pay  ore-shoot  had  the  occasional 
extreme  high  samples  been  rejected  or  even  cut  down  to  the 
average.  This  matter  is  so  well  presented  by  Mr.  Bate  man 
that  I  can  add  nothing  and  wish  merely  to  endorse  and  em- 
phasize his  statements. 

Large  Samples 

Here  I  must  differ  somewhat  from  Mr.  Bateman,  although 
the  difference  is  only  in  the  practice,  or  the  mechanical  phase, 
of  the  operation,  and  not  in  principle.  He  says,  (Vol.  XVI. 
p.  220): — "A  channel,  four  inches  wide  and  about  three- 
quarters  of  an  inch  deep  gives  a  very  good  sample  and  if  care- 
fully cut  should  give  as  accurate  results  as  would  be  obtained 
by  taking  a  larger  quantity.  It  is  not  the  quantity  of  material 
which  is  taken  that  makes  for  an  accurate  sample,  but  the 
care  and  intelligence  which  with  it  is  cut."  All  this  is  quite 
true.  I  find  no  fault  with  the  principle  or  with  the  words; 
but  my  observation  has  been  that  the  inexperienced,  the 
indolent,  and  the  over  confident  do  actually  take  advantage 
of  this  principle  to  the  detriment  of  reliable  results.  I  would 
prefer  to  recommend  that  samples  be  taken  as  large  as  con- 
ditions will  allow,  other  things  being  equal,  adopting  with 
caution  the  principle  of  small,  carefully  taken  cuts.  Several 
special  reasons  for  this  may  be  noted: 

(a)  As  the  exact  value  of  an  ore-body  is  never  known 
until  it  has  been  extracted  and  milled,  all  sampling  methods  are 
approximations;  then  the  nearer  the  volume  of  the  samples 
approaches  that  of  the  whole  body  the  closer  will  the  sampling 
result  approximate  the  true  value.  In  detail,  this  may  be 
illustrated  thus.  Fig.  1 : 

If  a  channel  1"  x  4"  (the  hatched  portion)  produces  a 
sample  of  two  pounds,  a  channel  %"  x  6"  at  the  same  place 
would  produce  six  pounds.  A  small  accumulation  of  extra- 
ordinarily rich  material  at  "A"  would  have  its  assay  return 
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divided  by  three  if  the  larger  sample  were  taken;  and  the  same 
rich  accunudation  hicated  at  "B"  would  have  been  missed 
altogether  by  the  smaller  cut.  In  either  case  the  larger  sample 
must  come  nearer  to  the  mean  value  of  the  surrounding  ore; 
and  in  either  case  a  re-sampling  would,  by  all  the  laws  of 
chance,  check  much  closer  with  the  larger  sample.  It  is  the 
common  occurrence  of  the  rich  metallic  particles  in  just  such 
little  vugs  that  cause  the  irregularities  in  duplicate  or  check 
sampling. 

(b)  Hence,  with  larger  samples  much  less  resampling 
would  be  required. 

(c)  It  determines  rich  and  lean  places  with  more  positive- 
ness  and  thus  aids  in  locating  places  which  may  be  left  as 
pillars;  and  avoids  placing  too  much  dependence  on  averages. 

(d)  The  cuts  made  by  the  most  skillful  samplers  are  far 
from  being  as  perfect  and  regular  as  the  drawings  we  make  of 
them  on  paper.  Irregularities  due  to  the  chipping  off  of  corners 
where  the  channel  makes  acute  angles  with  the  seams  in  the 
lock,  and  irregularities  due  to  imperfections  in  the  work  of  the 
cutter,  are  substantially  the  same  in  actual  dimensions  whether 
the  channel  be  small  or  large;  and  hence  the  larger  the  sample 
the  smaller  the  ratio  of  such  irregularities  to  the  weight  of 
material  taken.  To  all  this  it  may  be  objected  that  I  am 
forgetting  the  recognized  r«le  that  many  small  samples  are 
better  than  a  few  large  ones.  Not  at  all.  It  is  beyond  dispute 
that  it  would  give  a  more  accurate  result  to  take  the  six  pounds 
in  three  samples  at  different  points  along  the  vein,  dividing 
the  space  to  the  next  sample;  but  it  is  a  question  of  "other 
things  being  equal."  The  sample  cutter  spends  a  large  part 
of  his  time  at  the  angles  and  in  truing  the  sides  of  his  channel; 
the  middle  part  of  the  channel  readily  breaks  out  in  large 
pieces.  The  larger  the  sample  the  smaller  the  ratio  of  the 
area  of  the  trimmed  faces  to  the  weight  of  the  sample.  In 
the  illustration  given  above  the  mean  radius  of  the  larger 
channel  is  more  favourable  than  the  smaller  channel  by  a 
ratio  of  5  to  9,  and  except  in  unusually  tough  rock,  the  cutter 
will  take  the  six  pound  sample  nearly  as  quickly  as  the  two 
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pound  sample.  Then,  counting  the  time  of  measuring  off 
the  work,  cutting,  sacking,  and  labelling,  it  will  be  readily- 
seen  that  for  ordinary  vein  material  the  larger  sample  will 
consume  little  more  time  than  the  smaller  one,  and  be  much 
safer. 

The  limit  to  the  size  of  the  sample  should  usually  be 
determined  by  the  two  factors,  the  hardness  of  the  rock  and 
the  facilities  at  hand  for  reducing  or  transporting  the  samples. 
Extremely  hard  or  tough  rock  demands  smaller  cuts  and  greater 
care.  AYith  most  ores,  with  the  assay  office  on  the  property, 
or  with  power  sample-crushing  machinery,  etc.,  near  at  hand, 
there  is  no  excuse  for  taking  small  samples.  It  is  only  when 
transportation  facilities  are  limited,  or  perhaps  where  extreme 
caution  is  necessary  to  guard  against  salting,  that  one  should 
resort  to  small  samples.  The  additional  cost  of  freight  on 
large  samples  is  trifling  as  compared  \N4th  the  greater  security 
obtained. 

With  a  one  metal  ore  of  a  kind  determined  in  percent- 
ages instead  of  ounces,  and  the  ore  distinguishable  to  the  eye, 
there  is  comparatively  little  advantage  in  large  samples. 

Reducing  Samples 

This,  in  itself,  is  an  extensive  subject  and  one  demanding 
careful  consideration  by  the  mine  sampler.  Useful  information 
and  valuable  tables  are  found  in  Richards'  "Ore  Dressing," 
and  in  articles  contributed  by  W.  B.  Blyth  to  the  Monthly 
Journal  of  the  Chamber  of  Mines  of  Western  Australia,  July 
31,  1912.  The  subject  cannot  be  discussed  fully  here;  but  it 
is  well  to  keep  in  mind  a  few  of  the  more  practical  points 
decided.  For  example  Mr.  Blyth  demonstrates  by  actual 
repeated  experiments  that  with  most  ores  a  two  or  ten  pound 
sample  could  not  safely  be  cut  at  the  J^  inch  size;  but  when 
crushed  at  10  mesh  the  quatrers  would  assay  substantially 
the  same.  My  observation  is  that  there  has  been  too  much 
assumption  and  carelessness  in  this  particular  when  reducing 
samples  in  the  field. 
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Since  a  sainpk'  must  he  dried  before  it  can  be  reduced, 
much  time  and  care  are  required,  if  reducing  is  attempted, 
before  reaching  the  assay  office,  and  especially  if  the  samples 
must  be  guarded  against  salting.  In  almost  every  case  it 
will  be  found  that  the  time  of  the  engineer  and  his  assistants 
occupied  in  reducing  a  collection  of  samples  will  more  than 
balance  the  cost  of  transportation.  In  short,  the  freight  on 
samples,  as  well  as  the  assaying,  is  an  item  on  which  economy 
should  rarely  be  attempted. 

Notes  and  Note  Books 

I  would  warmly  second  the  statement  that  "An  extremely 
important  part  of  the  sampling  of  a  mine  is  the  method  of 
taking  and  keeping  the  notes,"  (Vol.  XVI,  p.  225).  Mr.  Bateman 
recommends  having  the  numbers  in  series  and  printed  on 
tags  with  a  duplicate  numbering  machine,  but  if  I  understand 
it  correctly  he  writes  the  number  in  his  loose  leaf  book  (Fig.  3, 
p. 224),  or  at  least  this  is  a  separate  book  from  the  machine 
numbered  pad.  This  I  regard  as  a  weak  point  and  think 
that  the  serial  number  should  certainly  be  printed  by  the 
mechanical  numbering  machine  on  the  stub  bearing  the 
notes  as  well  as  on  the  tag  to  be  attached — at  least  three 
impressions  of  each  number — and  that  a  commendable  system 
for  the  field  work  should  not  necessitate  the  carrying  of  another 
separate  book  from  the  numbered  pad  book.  This  is  highly 
important  so  save  time  underground  and  avoid  confusion  and 
mistakes, 

Solomon  says  "every  way  of  a  man  is  right  in  his  own 
eyes."  The  following  is  a  leaf  from  my  note  book  with  an 
explanation  of  the  points  of  excellence  claimed  for  it. 

This  form  was  designed  for  use  in  any  kind  of  sampling 
and  under  all  conditions.  It  has  been  adopted  by  a  number 
of  engineers  without  change  and  by  others  with  some  modifica- 
tions to  meet  the  idiosyncrasies  of  the  engineer.  They  are 
printed  and  put  up  in  pads  of  one  hundred  leaves  and  made 
to  slip  into  leather  covers  with  pencil  holder.     It  will  readily 
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Sample  taken  by  V.  G.  Hills  from  the 

c^(nU^^}nr^i^    Mine ®^ W     191^ 

%nJlbCt^i'9fiUj         Vein^  ^p^  Ft.  Level 

Scope  Nci?;      '"^ 


/tf  Feet  KP„„ from  floor  of wM 


Down 


level 


^  CFeti.  jS* irom  Sta,....!f£*. _ 

Part  of  Vein  taken.2?^<0l*<^^*'^*»«^^ 

Width,  taken /jy     ft*yDip73'•-2r^  Strike. /0>^.VllC 

Character  of  Qx^  Ct^t^^!^^   POr-fT^  JtfsCf^t^^^^     

/(h^t^ifb  Pt.  per  ton 

- Assayer. 

Mill  VaHie. 


No.  10599 


DUPLICATE 

No. 

10599 


No.  10599 


Assay  for 

Figure 
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bo  noted  thai  llic  romaii  text  is  the  printed  part  and  the 
seript  tlie  j)encil  notes  made  unck'rgronnd.  The  reason  for 
providing  two  distinet  Hnes  for  mine  level  numl)ers  is  illnstra- 
ted  by  the  example  given.  The  sample,  though  belonging 
to  the  700  ft.  level  orebody,  is  located  from  the  nearest  marked 
survey  point  which  was  on  the  GOO  ft.  level.  The  'cu,  ft. 
per  ton'  is  sometimes  used  for  a  rough  estimate  underground, 
according  to  the  estimated  portion  of  sulphides,  and  sometimes 
it  is  filled  later  after  a  density  test.  The  line  'weight  of  sample* 
is  often  convenient  to  use  by  guess  when  sacking,  but  may  be 
useful  later  when  a  collection  of  samples  is  weighed  for  the 
purpose  of  concentration  tests  and  the  like.  Columns  are 
provided  for  original  and  duplicate  assay  returns  or  when 
the  sample  is  divided  and  given  to  two  assayers.  The  'assay- 
value'  column  is  used  for  the  metal  values  ordinarily  given 
on  an  assay  certificate.  'Mill  value  '  (or  smelter  settlement 
prices)  is  sometimes  rec^uired  when  the  ore  is  sold  to  a  smelter 
which,  for  example,  allows  only  $19.50  for  gold,  95  per  cent, 
of  the  silver,  and  deducts  1^^  percent,  from  wet  copper  assays, 
(besides  other  copper  deductions).  In  such  cases,  and  es- 
pecially where  one  ore-shoot  may  carry  enough  copper  in 
realiable  amount,  while  another  shoot  in  the  same  mine  does 
not,  it  may  be  impossible  to  correctly  make  out  a  foot-dollar 
column  or  to  locate  the  'pay  line'  on  a  stope  sheet,  wdthout 
thus  determining  the  value  of  each  sample  according  to  the 
market  conditions  to  be  applied  to  that  particular  stope. 
Such  a  condition  prevents  putting  the  discount  allowances 
into  a  single  item  to  be  applied  to  all  the  ore,  as  is  commonly 
done.  Further,  the  sample  book  kept  in  this  way  makes  it 
handy  to  readjust  values  at  a  later  date  when  market  or 
milling  conditions  have  changed. 

The  duplicate  perforated  tags  ready  to  detach  are  useful 
in  several  ways: — (a)  for  regular  dupHcate  sampHng;  (b) 
w^here  a  sample  is  occasionally  found  too  large  for  the  size  of 
the  sacks  used;  (c)  where  a  specimen  of  the  ore  assayed  is  to 
be  kept  for  exhibit  in  court  or  elsewhere;  (d)  ordinarily  it  pro- 
vides the  assayer  with  duplicate  numbers  which  help  in  case 
the  paper  gets  torn  and  gives  tags  for  both  the  pulp  and  the 
reject,  as  mentioned  by  Mr.  Bateman. 
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For  'remarks,'  or  if  necessary  to  record  by  sketch  any 
very  unusual  condition  in  the  formation  or  in  the  location  of 
the  sample,  use  the  back  of  the  sheet. 

It  will  be  understood  that  it  is  not  expected  to  fill  all 
blank  spaces  on  each  leaf,  as  given  on  Fig.  2.  Many  of  the 
provisions  such  as  'dip,'  'strike,'  'cu.  ft.  per  ton,'  etc.,  while 
rarely  used,  are  always  ready  when  required.  The  date  and 
name  of  the  mine  I  usually  fill  only  at  the  beginning  and  end 
of  each  half  day's  work.  At  the  beginning  of  each  day  I  note 
on  the  back  of  the  first  sheet  used,  the  names  of  assistants 
and  any  other  present  during  the  work. 

The  other  features  of  the  form  are  self  explanatory. 

I  do  not  see  much  advantage  in  the  loose  leaf  system  for 
the  original  field  book.  (The  permanent  record  is  quite  another 
matter).  However,  the  sheets  could  be  perforated  at  the  top 
ready  for  the  ring  binder  or  post  binder  or  box  file.  They 
might  be  removed  from  the  pad  book  and  filed  at  the  end  of 
each  day's  work;  but  I  should  never  detach  a  sheet  from  the 
pad  before  the  field  notes  were  made  and  the  tag  placed  in  the 
sack. 

This  system  is  intended  primarily  to  secure  the  greatest 
amount  of  clear,  definite  data  with  the  least  liability  to  error 
and  loss  of  time  while  underground  and  further  to  provide 
a  place  for  entering  the  assay  returns  together  with  the  other 
information;  but  I  should  use  a  similar  book  even  if  I  made 
no  use  of  it  after  getting  the  assay  returns.  With  such  a  field 
book  no  other  book  is  required  than  the  permanent  record 
containing  the  foot-dollars  and  other  final  calculations  made 
from  groupings. 

The  printer  must  be  instructed  not  to  use  ordinary  number- 
ing machine  ink  as  it  will  run  on  being  wet. 

For  very  soft  wet  ores  put  the  tags  in  little  brown  envelopes 
before  putting  into  the  sacks. 

The  tag  portion  of  the  form  given  is  rather  too  small; 
although  I  use  genuine  manilla  paper,  a  larger  tag  for  the  sack 
would  be  safer. 
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Sample  taken  by  V.  G.  Hills  from  the 

Portland  Mine „... _ f90 

Shaft  No.__.. _ Ft.  Level 

Stope  Sheet  No. 


_,. Vein 

Down  •  =- ''■°*"  "°°''  °'  - - teveK-, 
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Up 


Part  of  vein  taken..„ 

Width  taken Dip, 

Character  of  Ore .__ 

. .= ...Weight  of  Sample ..ibs . 

- - - - ., _.^A&xayer. 


Aa.  Oz. 
Ag.Oz. 


Vaiue,  $,. 


Total  value,.  -    -    $^: 

N«-  8900 


No. 

8900 


Assay  for 


FiK.  3 
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Fig.  3  is  a  form  made  for  work  in  a  particular  mine. 
Here  less  printing  is  required  than  on  a  form  for  general  use. 

The  Permanent  Record 

For  a  complete  sampling  record  the  form  given  by  Mr. 
Bateman  (Vol.  XVI,  p.  226,  Fig.  4)  is  excellent,  and  the  loose 
leaf  system  has  exceptional  merit  because  the  samples  are  not 
always  grouped  for  calculation  exactly  in  the  same  order  as 
taken  in  the  mine,  and  for  the  reason  that  subsequent  cal- 
culations, after  the  stope  has  been  partly  worked  out,  can 
readily  be  filled  next  to  the  original  estimate. 

The  permanent  record  admits  of  a  great  variety  of  forms 
to  fit  the  system  of  mapping  and  account  keeping  of  the  par- 
ticular mine  as  well  as  the  methods  of  the  engineer.  My  prac- 
tice is  to  put  much  of  this  data  on  the  stope-sheets  where 
the  outlines  of  the  ore-body  in  question  are  mapped. 

The  Inch  Measure 

Apparently  about  half  of  mine  samplers  calculate  in 
inches  in  measuring  samples.  The  reason  for  this  is  a  dark 
mystery.  The  mining  engineer  properly  follows  the  civil 
engineer's  practice  of  measuring  only  in  feet  and  decimals. 
The  only  excuse  that  ever  existed  for  following  the  system  of 
the  architect  and  the  mechanical  engineer  was  the  greater 
abundance  of  cheap  carpenter's  rules  and  tapes.  Six-foot 
automatic  winding  steel  tapes,  graduated  in  decimals  of  a 
foot,  are  now  common  and  are  used  by  all  mine  surveyors. 
They  are  handy  to  measure  all  ordinary  sample  widths.  There 
is  a  decimal  graduated  one-foot  spring  steel  rule,  folding  in  the 
middle,  which  can  be  carried  in  the  vest  pocket  and  used  with 
one  hand,  and  is  convenient  for  measuring  thin  streaks. 
The  mine  surveyor  uses  the  decimal  foot  tape  and  it  is  naturally 
employed  for  all  other  measurements  of  an  orebody.  For 
ordinary  conditions  the  nearest  tenth  of  a  foot  is  recorded 
instead  of  the  even  inch,  and  for  close  work  in  thin,  high  grade 
streaks,    the    one-hundredth    of    a    foot    is    decidedly    handier 
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and  siinpU'r  than  [\\v  (Mghtli-iiicli.  Finally,  the  inch  nioasnres 
have  to  he  rednced  to  feet  to  yet  the  euhie  contents  of  the  ore- 
body.  Then  why  not  use  feet  in  the  first  place?  In  short, 
why  encunilxM-  thi'  n<)l(>  book  with  two  denominations  when 
one  answers  every  purpose  and  takes  less  time. 

Congregated  or  Bunched  Samples 

While  the  inclusion  of  several  cuts  into  one  sample  for 
assay  is,  as  a  rule,  extremely  bad  practice,  and  while  I  fully 
concur  in  the  princi])le  of  avoiding  attempts  to  economize 
on  the  assay  bill,  yet  there  are  limits  which  cannot  be  ignored. 
Take  for  example  the  case  of  tungsten  or  of  pitchblende  ores 
which  are  usually  in  small  streaks  and  extremely  'bunchy' 
and  erratic  in  their  form  of  deposit.  Their  scarcity  and  high 
value  demand  that  they  be  given  the  most  thorough  considera- 
tion. To  value  a  shoot  of  such  ore  as  thoroughly  as  possible 
in  the  regular  way,  would  demand  taking  a  sample  every 
foot,  or  at  most  every  two  feet,  along  the  vein.  Assays  for 
tungsten  cost  from  $3  to  $5  each.  This  in  some  cases  would 
make  the  assaying  expense  beyond  reason  both  in  time  and 
cost.  But  (unless  the  ore-shoot  be  of  unusual  length  so  as  to 
secure  a  large  number  for  average),  a  sample,  say  every  five 
feet,  would  not  do  justice  to  the  case.  Let  us  illustrate  by  an 
example  which  is  not  at  all  exceptional  for  tungsten  ore. 
Take  cuts  one  foot  apart  and  assay  each,  thus: 


Width 

Percent 

Product 

feet 

Wo3 

%-foot 

1st  cut 

0.40 

62.4 

24.960 

2nd" 

1.67 

10.2 

17.034 

3rd  " 

.85 

54.0 

45.900 

4th  " 

.04 

56  5 

2.260 

5th  " 

.20 

34.3 

6.860 

5)3.16 

97.014^3.16  =  30.7% 

,63 
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Against  this  true  mean  of  0.63  ft.  carving  30.7  percent, 
tungstic  acid  we  would  have  obtained  by  a  single  cut  (the  middle 
one  above)  a  width  of  0.85  ft.  yielding  54  percent,  tungstic 
acid  or  more  than  double  the  true  value.  Now  by  congregating 
the  five  cuts  into  one  sample  the  field  book  would  show  the 
column  of  widths  above  (for  of  course  each  cut  must  be  measured) 
with  the  0.63  ft.  to  be  used  with  the  assay  return.  The 
assay  should  be  30.7  percent  as  above;  and  while  it  might 
not  check  closely  in  practice,  it  needs  no  argument  to  show 
that,  besides  giving  more  accurate  knowledge  of  the  thickness 
of  the  ore,  the  value  returns  would  always  be  far  more  reliable 
than  If  the  one  cut  were  taken. 

Selective  Sampling 

In  cases  where  the  ore  is  in  distinct  lenses,  perhaps  con- 
nected by  thin  webs,  discernible  to  the  eye,  but  not  in  scattered 
particles  distributed  through  the  gangue,  the  most  perfect 
valuation  can  be  made  by  sampling  the  places  of  maximum 
and  minimum  thickness.  This  system  will  give  more  accurate 
results  for  the  same  number  of  samples.  It  requires  a  care- 
ful cleaning  and  examination  of  the  whole  area  before  begin- 
ning the  work.  On  account  of  the  varying  distances  between 
the  samples  it  involves  more  complicated  calculations,  intro- 
ducing a  column  of  'area-dollars'  or  'area-percent,  and  per- 
haps using  the  prismoidal  formula.  It  can  be  practiced  only 
where  the  ore  is  clearly  discernible  to  the  eye  such  as  the 
black  ores  of  wolframite  and  pitchblende  or  the  rich  sulphide 
streaks  sometimes  found  in  a  light  gangue.  It  involves  much 
more  calculation  but  is  more  scientific  and  saves  on  the  assaying. 


THE  ELECTRICAL  DRIVING  OF  WINDING  ENGINES 
AND  ROLLING  MILLS* 

By  C.  Antony  Ablett,  A.  M.  Inst.  C.  E.,  and  H.  M. 
Lyons,  A.M.I.E.E. 

The  use  of  electrical  machinery  for  driving  hoisting  engines 
in  mines  and  reversing  rolling  mill  plants  in  steel  works  is  com- 
paratively recent,  the  first  winders  of  importance  having  been 
introduced  in  1902,  and  the  first  electrically  driven  reversing 
rolling  mill  being  installed  in  1906,  though  non-reversing  rolling 
mills  were  driven  electrically  some  eight  or  ten  years  earlier. 

The  developments  along  these  lines  have  been  extremely 
rapid,  as  is  shown  by  the  fact  that  at  the  present  time  about  one 
thousand  large  winding  engines  and  nearly  sixty  reversing 
rolling  mills  are  being  driven  electrically,  and  still  greater  de- 
velopments may  be  expected  in  the  future. 

Under  these  circumstances  a  paper  dealing  with  the  modern 
aspects  of  the  subject  and  giving  the  results  of  the  experience 
obtained  in  the  past  would  appear  desirable. 

The  earlier  winding  engines  were  extravagant  in  power  and 
had  the  disadvantage  of  drawing  very  heavily  upon  the  source 
of  electrical  supply  at  the  moment  of  starting.  It  was,  there- 
fore, impossible  to  use  them  on  systems  where  the  supply  of 
current  was  limited,  and  even  on  comparatively  large  plants 
their  use  resulted  in  serious  interference  with  other  machinery. 
These  disadvantages  were,  however,  practically  done  away  with 
when  the  Ward  Leonard  system  and  Ilgner's  adoption  of  the 
flywheel  to  this  system  were  introduced,  but  the  last  few  years 
have  seen  greater  improvements  in  the  Ward  Leonard  and  the 
llgner  system. 


*  By  special  arrangement  this   paper    has    been  also    communicated  to  the 
Canadian  Society  of  Civil  Engineers. 
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The  present  paper  will  deal  chiefly  with  the  developments 
of  these  systems  by  the  various  Siemens  Companies,  who  have 
installed  about  half  the  total  plants  in  existence,  and  with  whom 
the  authors  have  the  honor  to  be  associated. 

The  illustrations  accompanying  this  paper  comprise  numer- 
ous diagrams  which  are  essential  to  it,  and  are  referred  to  in  the 
text,  and  reproductions  of  photographs  which,  though  not 
definitely  referred  to  in  the  text,  serve  to  illustrate  the  applica- 
tion of  the  principles  referred  to  therein. 
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Fig.      1 — Diagrammatic  view  of   Ilgner  system  of  driving  winding  engines  or 
reversing  rolling  mills. 


Ward  Leonard  System 

Introductory  Remarks. — A  short  description  of  the  so-called 
Ward  Leonard  System,  illustrated  in  Fig.  1,  is  desirable  as  an 
introduction. 

In  this  system  a  direct  current  motor  is  used  to  drive  the 
winding  engine  or  rolling  mill,  the  motor  being  supplied  with 


Fig.     '■2 — Ward  Leonard  hoist  at  the    Dominion   Coal  C"oni])an.v'.s  Lingan  Pit, 
sliowing  control  levers   and  depth  indicator. 


Fig.  3 — Depth  indicator  for  Ward  Leonar<l  or  Ilyner  hoist,  showing  cams  for 
limiting  acceleration  and  deceleration  and  showing  cage  before  it 
reaches  the  bank. 


Fig.  5 — Conical  Drum  Ward  Leonard  winder,  at  the  Canadian  Collieries 
Company's  Cumberland  Colliery,  showing  brake  gear  and  control 
levers.     Depth.  1.000  feet;    nett  load  per  wind.  33-^  tons. 


Fig.  9 — Scroll  Drum  Ilgner  winder  at  the  Markham  Steam  Coal  Company's 
Holly  Bush  Colliery,  showing  control  gear,  brake  gear,  depth 
indicator,  and  cams. 
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power  from  a  direct  current  dynjimo,  and  llic  essential  feature 
of  this  system  is  that  the  voltage  supplied  to  the  motor,  and 
consequently  the  speed  of  the  motor,  is  controlled  by  controlling 
the  field  current  of  the  generator,  instead  of  by  varying  the 
resistance  in  the  armature  circuit  of  the  motor. 

Thus,  as  the  field  current  of  the  generator  is  increased  from 
nothing  to  a  maximum,  the  motor  speeds  up  from  standstill 
to  full  speed,  and  if  the  field  current  of  the  generator  is  reversed, 
the  motor  reverses  its  direction  of  rotation. 

This  system  enables  a  very  exact  control  of  the  speed  to  be 
obtained,  because  the  speed  of  the  motor  is  practically  propor- 
tional to  the  strength  of  the  generator  field,  whatever  the  load 
on  the  motor  may  be,  while  with  any  control  system  where 
resistances  are  inserted  into  the  armature  circuit  of  the  motor, 
the  speed  woidd  vary  within  very  wide  limits  with  a  change  of 
load,  rendering  the  exact  speed  control  quite  impossible. 

The  control  of  the  dynamo  field  involves  scarcely  any  waste 
of  electrical  power,  but  where  resistances  are  inserted  into  the 
armature  circuit  the  loss  of  power  may  be,  and  usually  is,  very 
great. 

The  field  currents  of  the  generator  are  small,  so  that  the 
control  mechanism  is  small,  compact,  and  very  easy  to  handle, 
the  armature  currents  are  perhaps  fifty  times  as  great,  so  that 
any  control  mechanism  which  varies  the  resistance  of  the  arma- 
ture circuits  is  large,  clumsy  and  difficult  to  handle,  in  fact  a 
complicated  relay  system  is  often  necessary  to  enable  it  to  be 
handled  at  all. 

The  dynamo  used  to  supply  the  motor  in  the  Ward  Leonard 
system  is  usually  driven  by  a  motor  supplied  from  the  available 
power  circuit,  forming  a  motor  generator  set,  and  this  motor  may 
be  either  direct  current  or  three-phase,  according  to  the  power 
available.  The  dynamo  may  be  and  sometimes  is  driven  by 
an  engine,  water  turbine,  or  other  prime  mover,  if  this  happens 
to  be  more  convenient. 
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Applicatiox  of  Ward  Leonard  System  to  Winding  Engines 

AND  Hoists 

Speed  Control. — The  main  control  lever  for  operating  the 
winding  engines  is  coupled  to  the  regulating  resistance  in  the 
field  circuit  of  the  generator,  so  that  when  this  lever  is  in  the 
mid  position  there  is  no  current  in  the  generator  field.  As  the 
lever  is  moved  in  one  direction  the  generator  field  current  in- 
creases, and  as  it  is  moved  in  the  other  direction  the  generator 
field  current  is  also  increased,  but  in  the  opposite  sense. 

From  what  has  been  said  in  the  introductory  remarks  it 
will  be  seen  that  when  the  lever  is  in  the  mid  position,  the  wind- 
ing engine  is  at  a  standstill,  and  that  it  starts  and  speeds  up  as 
the  lever  is  moved  from  the  mid  position  in  one  direction,  while 
if  the  lever  is  moved  from  the  mid  position  the  other  way  the 
winding  engine  increases  in  speed  in  the  other  direction,  and 
that  the  speed  of  the  winding  engine  is  practically  proportional 
to  the  displacement  of  the  lever  from  the  mid  position,  and  is 
not  affected  by  the  weight  of  material  being  hoisted. 

The  driver  has  not  absolute  control  over  the  speed,  for  two 
cams  are  provided  on  the  depth  indicator,  one  for  each  cage, 
which  operate  levers  coupled  to  the  control  lever  in  such  a  way 
as  to  prevent  the  cages  being  accelerated  at  too  rapid  a  rate, 
and  to  slow  up  the  winding  engine  at  the  proper  point  so  that 
the  bank  is  approached  at  a  crawling  speed. 

Provided  that  these  limits  set  by  the  cams  are  not  exceeded 
the  speed  of  the  wind  is  entirely  within  the  driver's  control. 

To  slow  up  the  winder  and  bring  it  to  a  standstill,  the  con- 
trol lever  is  brought  back  toward  the  mid  position,  thereby 
reducing  the  field  current  of  the  generator,  and  reducing  its 
voltage  below  the  voltage  of  the  winding  motor,  so  that  the 
current  between  the  motor  and  the  generator  reverses  and  the 
winding  motor  gives  back  power  to  the  generator,  thus  produc- 
ing a  strong  electric  braking  effect.  The  more  rapidly  the  lever 
is  moved  backwards  towards  the  mid  position  the  stronger  the 
electric  braking  effect  will  be. 

The  kinetic  energy  of  the  moving  parts  of  the  winder  is 
thus  converted  to  electrical  energy  and  returned  to  the  svstem. 
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The  1('V(M-  may  ho  hroiiglit  toward  the  mid  position  to  i)roduce 
this  ekn-trie  braking  ellVct,  either  by  hand  or  automatically  by 
the  cams,  as  mentioned  above. 

The  depth  indicator  and  tlie  cams  are  positively  driven  from 
the  drum  of  the  winding  engine  and  the  cams  are  so  geared  that 
they  make  less  than  one  revolution  per  wind.      (Figs.  3  and  4.) 


Fig.     4 — Diagrammatic  view    of  Ward  Leonard  or  Ilgner  control  and  brake 
gear  for  a  winding  engine. 


Use  of  Flywheel. 

Fig.  6  shows  the  typical  horse  power  diagram  for  a  winding 
engine.  The  inertia  of  the  drums,  cages,  head  sheaves,  material 
wound,  and  the  ropes,  which  altogether  weigh  about  60  tons 
in  this  particular  case,  necessitates  a  horse  power  at  the  end 
of  the  acceleration  period  of  each  wind  of  1865,  which  is  about 
three  and  a  half  times  the  average  power  demand  of  the  winding 
engine,  in  this  case  524  horse  power,  and  it  is  found  that  the 
maximum  acceleration  peak  is  usually  between  three  and  four 
times  greater  than  the  average  demand. 

The  consumption  of  energy  for  this  Ward  Leonard  control 
rises  gradually  during  the  starting  period,  and  the  maximum  is 
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only  reached  at  the  end  of  the  time  of  acceleration,  i.e.,  from 
ten  to  fifteen  seconds  after  the  start,  because  the  speed  of  the 
winding  motor  is  increased  while  it  is  giving  the  requisite  turning 
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Fig.     6 — Typical  power  diagram  for  a  Ward  Leonard  winding  engine. 

moment  by  increasing  the  field  of  the  generator,  and  conse- 
quently there  is  no  loss  of  power  in  starting. 

Since  this  acceleration  peak  is  of  short  duration  and  only 
comes  on  gradually,  it  is  possible  to  supply   Ward  Leonard 
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winders  from  power  stations  of  comparatively  small  total  out- 
put, provided  that  the  machines  in  the  power  station  have  a 
sufficient  overload  capacity  to  maintain  their  speed  during 
peak  loads,  as  is  usually  the  case  with  steam  tur})o  generators 
where  the  generators  are  provided  with  modern  voltage  regu- 
lators. 

Where,  however,  this  is  not  the  case,  and  the  acceleration 
peaks  of  the  winding  engine  are  large  compared  with  the  average 
demand  on  the  power  station,  or  where  the  winder  is  supplied 
through  a  long  transmission  line  from  a  distant  power  station, 
it  is  sometimes  necessary  to  couple  a  flywheel  to  the  motor 
generator  set. 
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Fig.  7 — Diagram  showing  the  equalizing  effect  of  the  By  wheel  on  Ilgner's 
adaption  of  the  Ward  Leonard  system.  The  wavey  line  at  about 
400  amperes  is  the  current  taken  from  the  supply  system.  The 
curve  which  shows  the  great  variations  represents  the  current" 
taken  by  the  winding  engine. 


In  this  case  provision  must  be  made  so  that  during  a  peak 
load  the  motor  generator  falls  in  speed,  enabling  part  of  the 
stored  energy  of  the  flywheel  to  be  used  to  supply  the  heavy 
demand,  and  when  the  load  is  small  the  motor  generator  set 
is  speeded  up  again,  the  surplus  power  being  taken  to  restore 
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the  energy  of  the  flywheel,  so  that  the  demand  from  the  power 
house  or  supply  system  is  maintained  at  about  the  average. 

This  is  the  Ilgner  system,  so-called  after  the  engineer  who 
first  used  it  in  practice. 

Fig.  7  illustrates  the  effect  of  the  flywheel  in  equalizing  the 
load  taken  by  the  winder,  where  it  will  be  seen  that  the  current 
taken  by  the  winding  motor  varies  between  +1900,  and  —1000 
amperes,  while  the  current  taken  from  the  supply  system  is 
maintained  practically  constant  at  400  amperes,  the  maximum 
voltage  supplied  to  the  winding  engine  and  the  supply  voltage 
being  the  same. 

Three-phase  motors  are  usually  used  to  drive  the  motor 
generator  sets  supplying  winding  engines  and  their  speed  can 
only  be  conveniently  varied  by  inserting  resistances  into  the 
rotor  circuits,  which  causes  a  loss  of  power.  In  addition  to 
this  a  certain  power  is  required  to  drive  the  flywheel  to  over- 
come the  friction  and  windage  loss,  so  that  while  the  use  of  the 
Ilgner  system  prevents  peak  loads  being  taken  from  the  supply 
system  or  power  house,  it  entails  a  certain  loss  of  power. 

In  many  cases  the  cost  of  this  loss  of  power  which  is 
justified  by  the  benefit  of  the  steady  load  to  the  supply  system, 
and  improves  the  economy  and  voltage  regulation  of  the 
power  house,  may  avoid  the  installation  of  extra  plant  in  the 
power  house,  or  where  the  winding  engine  is  being  supplied 
through  a  long  transmission  line,  will  enable  a  cheaper  trans- 
mission line  to  be  used  than  would  otherwise  be  the  case,  and 
will  improve  the  voltage  regulation  of  this  transmission  line. 

The  following  example  will  give  an  idea  of  the  power  taken 
by  the  Ilgner  system  under  practical  working  conditions  with  a 
winding  engine  arranged  to  wind  240  tons  per  hour  from  a  depth 
of  1960  feet,  making  as  a  maximum  44 3>^  winds  per  hour,  where 
the  flywheel  is  used  whenever  the  full  output  is  being  wound 
at  the  full  speed,  but  where  a  lesser  output  is  being  wound  at 
reduced  speed,  so  that  the  acceleration  peaks  become  less  serious 
the  flywheel  is  uncoupled  to  save  power. 
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Tlu'so  rosult.s  arc  convciiiontly  expressed  in  lorins  of  the 
kilowatts  taken  ])y  the  clcclric  winding  enj^inc  plant  jxm-  .shaft 
horse  power. 


Output 

in  tons 

per  Hour. 

Kilowatt 

])er  Shaft 

Horse  Power. 

With  Flywheel 

240 
160 
108 
160 
108 

1.49 
1.60 

(( 

1.77 

Without  Flywheel 

1.35 

(( 

1.48 

It  will  thus  be  seen  that  wdien  working  the  winding  engine  on 
the  Ilgner  system  there  is  an  increased  loss  of  power  of  from 
16%  to  17%,  as  compared  with  the  Ward  Leonard  system,  and 
naturally,  with  the  latter  where  the  flywdieel  is  uncoupled  the 
resistances  are  cut  out  of  the  rotor  circuit  of  the  three-phase 
motor  to  avoid  loss  of  power. 

To  avoid  misunderstanding  of  the  above  results,  it  should 
be  specially  pointed  out  that  shaft  horse  power  is  taken  to  mean 
the  actual  work  done  in  raising  the  load,  i.e.,  if  the  actual 
weight  of  coal  or  ore  expressed  in  lbs,  which  is  raised  per  minute 
is  multiplied  by  the  depth  of  the  shaft  in  feet,  and  divided  by 
33,000,  the  shaft  horse  power  is  obtained.  The  shaft  horse 
power  thus  does  not  include  the  mechanical  friction  of  the  wind- 
ing engine,  the  sheaves,  the  guides  or  the  rope  losses,  and  the 
figure  of  the  kilowatts  divided  by  the  shaft  horse  power  brings 
in  the  mechanical  efficiency,  as  well  as  the  electrical. 

Details  of  Ilgner  System. 
To  enable  the  speed  of  the  motor  generator  set  to  be  auto- 
matically reduced  so  that  the  flywheel  may  give  up  part  of  its 
stored  energy,  the  three-phase  motor  of  this  motor-generator 
set  must  be  of  the  slipring  type.  The  sliprings  are  connected 
to  the  automatic  or  intermittent  slip  regulator  which  inserts 
resistances  into  the  rotor  circuit  when  the  speed  is  to  be  reduced. 
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This  slip  regulator  usually  consists  of  liquid  resistances  in 
which  are  immersed  plates  connected  to  the  sliprings,  and  it  is- 
operated  by  means  of  motor  relay  supplied  by  current  from  a 
series  transformer  connected  in  the  circuit  of  the  main  three- 
phase  supply,  so  that  when  the  speed  is  to  be  reduced,  the 
immersion  of  the  plates  is  decreased,  increasing  the  resistance 
between  them,  and  when  the  speed  is  again  allowed  to  rise, 
immersion  of  the  plates  is  increased. 

The  series  transformer  is  usually  supplied  with  tappings 
connected  to  a  dial  switch  so  that  the  average  load  maintained 
by  the  slip  regulator  can  be  adjusted  to  the  work  which  is  being 
done  by  the  winding  engine.  A  typical  slip  regulator  is  shown 
diagrammatically  in  Fig.  1. 

Flywheels  are  usually  designed  to  equalize  the  load  by 
falling  in  speed  from  15  to  20%,  and  it  is  found  that  this 
entails  a  loss  of  power  in  the  slip  regulator  of  about  7}/2%  to 
10%. 

The  flywheel  is  usually  coupled  to  the  motor-generator  set 
by  means  of  flexible  coupling,  though  in  some  very  recent 
Ilgner  motor-generator  sets,  where  there  happens  to  be  no  ad- 
vantage in  running  with  the  flywheel  uncoupled,  the  electrical 
machines  and  the  flywheel  are  arranged  to  be  carried  by  two 
bearings  only,  reducing  the  first  cost  and  the  friction  losses. 

Of  recent  years  the  capital  cost  of  Ilgner  plants  has  been 
greatly  reduced,  owing  to  the  adoption  of  higher  speed  for  the 
motor-generator  sets  and  to  the  improvements  in  the  manu- 
facture of  such  flywheels,  which  enable  them  to  run  at  very 
high  peripheral  speeds  compared  with  those  used  in  the  earlier 
winding  engines. 

For  example,  the  provision  of  flywheel  capacity  to  equalize 
peak  loads  of  60,000  horse  power  seconds,  in  the  early  days  of 
Ilgner  winding,  where  peripheral  speeds  of  15,000  feet  per  min- 
ute were  used,  would  require  two  flywheels  of  a  total  weight  of 
about  80  tons,  the  friction  and  windage  loss  of  which  would  be 
about    150    horse    power.     Under    modern    conditions    where 
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tlio  iH'^uhir  pfriphcral  spct'ds  are  27,000  and  .'5(),()()()  feet  per 
niiinitf  a  single  ilywliool  of  ^^  tons  weight  would  he  used,  in- 
stead of  the  two  flywheels  having  a  total  weight  of  80  tons,  and 
the  frietion  and  windage  losses  would  not  exceed  100  horse 
power. 

A  sheet  metal  easing  is  usually  placed  outside  the  rims  of 
the  flywheel  to  reduce  the  windage  loss  of  the  flywheel  to  a 
minimum,  and  this  is  found  to  he  sufficient  for  the  purpose, 
because  practically  all  the  windage  loss  is  caused  hy  the  outside 
surface  of  the  rim,  the  web  producing  very  little  windage, 
This  can  be  shown  in  a  striking  manner  by  holding  a  handker- 
chief against  the  web  near  the  inner  surface  of  the  rim  while  the 
flywheel  is  running,  there  being  scarcely  enough  wind  to  blow 
the  handkerchief  out. 

The  Ilgner  system  was  used  on  practically  all  the  early 
European  winding  engines,  but  as  at  the  present  day  power 
stations  are  being  installed  of  much  greater  capacity  than  those 
of  a  few  years  ago,  and  high  speed  turbo  generators  of  large 
overload  capacity  are  being  adopted,  the  Ward  Leonard  system 
at  the  present  time  is  being  used  to  a  much  greater  extent  than 
the  Ilgner  system  for  winding  engine  work. 

Generally  speaking,  the  Ilgner  system  of  winding  may  be 
preferable  to  the  Ward  Leonard  system  in  the  following  cases: — 

(1)  When  the  time  occupied  by  the  wind  is  short. 

(2)  For  vertical  shafts. 

(3)  For  large  outputs. 

(4)  Where  the  winding  speed  is  very  high. 

The  above  conclusions  may  be  considerably  modified  by 
the  nature  of  the  electrical  supply.  Where  the  power  station  is 
small  or  the  winder  is  supplied  through  a  transmission  line  of 
considerable  length,  the  Ilgner  system  will  be  more  suitable,  but 
where  the  power  station  is  large  and  near  the  winder,  the  Ward 
Leonard  system  is  the  better. 

Where  there  are  a  number  of  winding  engines  supplied  from 
the  same  power  station  the  Ward  Leonard  system  would  prove 
very  suitable,   because  the  combined  effect  of  these  winding 
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engines  working  together  will  be  to  reduce  the  percentage  of 
fluctuations  on  the  power  station  load. 

Where  power  is  being  purchased  from  a  supply  company 
the  choice  of  system  would  be  very  greatly  influenced  by  the 
method  of  charging  adopted  by  the  supply  company  and  by 
their  regulations  as  to  the  permissible  overloads  and  the  amount 
of  disturbances  which  they  will  permit  to  the  regulation  of  their 
system.  It  is  always  advisable  to  consider  each  case  on  its  own 
merits. 

Fig.  8  gives  an  illustration  of  this  principle,  and  shows  a  case 
where  three  rolling  mills  are  supplied  from  a  single  power  station 
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Fig-     8 — Test  results,  showing  the  natural  balancing  effect  on  the  generating 
plant  of  three  rolling  mill  motors  whose  power  varies  considerably. 


and  although  the  load  of  each  one  varies  about  73%,  the  total 
fluctuation  in  the  power  station  load  is  about  28%. 

Brake  Gear. 

The  mechanical  brake  is  so  arranged  that  when  it  is  re- 
quired to  bring  it*  into  action  it  is  actuated  by  a  weight  at  the 
end  of  a  lever,  but  it  is  normally  held  off  the  drum  by  an  air 
cylinder. 

Under  normal  conditions  the  cams  on  the  depth  indicator 
actuate  the  control  lever,  so  that  the  cages  approach  the  bank 
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at  a  very  slow  speed.  When  they  reaeli  the  hank  the  driver 
brings  them  to  rest  by  means  of  his  control  lever,  and  then  puts 
on  the  mechanical  brake  to  hold  the  cages  in  position  by  means 
of  the  brake  lever.  The  brake  lever  is  interlocked  with  the 
control  lever,  so  that  the  driver  cannot  put  on  the  brake  by 
means  of  the  brake  lever  until  the  control  lever  is  at  about  its 
middle  position,  i.e.,  unless  the  cages  are  moving  at  a  com- 
paratively slow  speed. 

To  enable  the  driver  to  stop  the  winder  in  case  of  any 
emergency  arising,  a  third  lever,  the  emergency  lever,  is  placed 
on  the  driver's  platform  and  if  this  is  operated  it  puts  on  the 
mechanical  brake  through  the  emergency  gear  and  at  the  same 
time  cuts  off  the  excitation  from  the  dynamo  of  the  motor- 
generator  set.  A  throttle  valve  is  fitted  to  the  air  cylinder 
to  prevent  the  air  from  escaping  too  rapidly,  so  that  if  the  me- 
chanical brake  is  put  on  through  the  emergency  gear  it  takes  a 
second  or  two  to  apply  it  with  full  force,  so  that  damage  would 
not  be  caused  by  the  winder  engine  being  pulled  up  too  rapidly. 

Safety  Devices. 

From  what  has  been  said  above,  it  will  be  seen  that  the 
brake  is  applied  by  the  positive  action  of  the  weighted  lever, 
and  if  the  air  pressure  should  fail  the  brake  is  promptly  put  on. 
The  armatures  of  the  winding  motor  and  the  generator  are 
permanently  connected  by  heavy  cables,  and  there  are  no  cut- 
outs or  switches  in  this  circuit,  so  that  the  circuit  between  the 
armatures  cannot  be  interrupted;  electrical  braking  is  always 
available  as  well  as  the  mechanical  brake,  unless  the  excitation 
should  fail. 

To  protect  the  electrical  machinery  and  the  winding  engine 
against  undue  overloads  an  overload  relay  is  connected  in  this 
circuit  between  the  armatures,  which  if  brought  into  operation 
cuts  off  the  excitation  from  the  dynamo  and  puts  on  the 
mechanical  brake  through  the  emergency  gear. 

As  mentioned  above,  cams  are  provided  on  the  depth 
indicator  which  keep  the  acceleration  within  safe  limits,  and 
the  cage  is  brought  gradually  to  a  slow  speed  by  the  time  it 
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reaches  the  bank.  An  overwind  device  is  provided,  usually 
both  on  the  depth  indicator  and  in  the  shaft,  which  puts  on  the 
mechanical  brake  through  the  emergency  gear  and  cuts  off  the 
excitation  should  the  cage  overwind  the  bank,  thereby  bringing 
the  winding  engine  instantly  to  a  stop.  Should  the  air  pressure 
or  the  excitation  fail,  the  mechanical  brake  is  put  on  by  means 
of  the  emergency  gear. 

If  the  motor-generator  set  should  speed  up  when  a  load  is 
being  lowered  and  energy  is  being  returned  to  the  system  by  the 
winding  motor,  either  owing  to  the  circuit  breaker  in  the  supply 
system  coming  out  or  to  the  demand  for  power  from  the  system 
being  insufficient  to  absorb  the  energy  being  returned  to  the 
system  by  the  winding  engine,  then  the  excitation  is  cut  off  and 
the  mechanical  brake  is  put  on  through  the  emergency  gear. 

When  men  are  being  wound  the  throw  of  the  main  con- 
trol lever  is  limited  by  means  of  a  switch  on  the  bank,  so  that 
the  winding  engine  cannot  be  run  above  a  certain  speed. 

^Yhere  electrical  driving  is  adopted  it  is  very  easy  to  pro- 
vide safety  devices,  and  all  those  mentioned  are  designed  to 
protect  the  plant  against  careless  handling,  but  if  the  majority 
of  safety  devices  were  dispensed  with,  the  Ilgner  and  the  Ward 
Leonard  winder  would  still  be  better  protected  against  careless 
handling  than  the  steam  winder.  The  fact  that  it  is  impossible 
for  an  Ilgner  or  a  Ward  Leonard  winder  to  race  or  run  away 
makes  it  inherently  safer  than  the  steam  winder. 

Application  of  Ward  Leonard  System  to  Reversing  and 
Three   High   Rolling   Mills. 

Nearly  GO  large  reversing  mills  are  being  driven  electrically 
in  different  parts  of  the  world,  and  a  modification  of  the  Ward 
Leonard  system  has  been  installed  in  almost  every  case  to  meet 
these  special  requirements. 

The  power  requirements  of  a  reversing  rolling  mill  impose 
much  more  severe  conditions  on  the  electrical  plant  than  those 
of  a  large  electrically  driven  hoist.  With  a  large  36-in.  or  45- 
in.  blooming  mill,  ten  to  twelve  passes  are  often  made  in  a 
minute,  and  the  power  during  individual  passes  may  rise  to 


Fig.  10 — Direct  current  wiiuUiiff  motor  at  the  Markham  Slcmn  (  dal  Com- 
pany. Depth  of  wind,  1,800  feet.  Nett  load  per  wind,  3^2  tons. 
Maximum  winding  speed,  2,900  feet  per  minute.  Motor,  1,400 
li(:rse-j^(  wer.  at  .51  r.p.m. 


Fig.  11 — Ilgner  flywheel  motor  generator  set  supplying  the  two  winders  at 
the  Markham  Steam  Coal  Company.  Consists  of  two  flywheels, 
two  variable  voltage  D.C.  generators  driven  by  two  three-phase 
motors,  each  GGO  horse-power,  510  to  590  r.p.m.  on  (i,000/0,OOU 
volt,  three-phase, I^SOjcycle  circuit. 


Fig.  1'2 — Ilgner  flywheels  at  the  Markham  Steam  Coal  Company's  plant, 
showing  brake  gear  and  oil  pumps.  Each  flywheel  is  10  feel  6 
inches  diameter,  weight,  S^<y  tons 


Fig.      1.5 — General    view    of    ,36-inch    electrically    driven    reversing    blooming 
mill  at  the  Skinningrove  Iron  Works. 
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Ftg.  18 — Power  diagram  for  blooming  mill.  In  the  top  diagram  the  triangular 
and  rectangular  spaces  show  the  work  done  in  driving  the  mill,  while 
the  thick  horizontal  line  shows  the  actual  power  taken  from  the  sup- 
ply system 
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12,000  II. 1*.  or  more,  wliilc  llic  total  liinc  ol'  the  |)ii.s.s('s,  i.e., 
the  total  tiiuc  thai  [\\v  iii<;()l  is  betweeti  tiic  rolls,  is  very  siiort 
compared  with  the  total  lime  taken  to  roll  an  injiot  down  to  a 
bloom  or  hilKl.  It  is  thns  easily  seen  that  tlie  average  power 
reqnired  from  the  power  station  is  very  much  less  than  the 
maximum  jxjwer  which  the  mill  motor  has  to  give. 

For  example,  in  many  electrically  driven  l)l()oming  mills, 
the  average  power  is  only  one-sixth  or  one-seventh  of  the  maxi- 
mum power. 

Thediagramsin  Fig.  18,  in  which  the  triangular  or  rectangu- 
lar spaces  show  the  work  done  per  pass,  illustrate  how  small  the 
average  powder  is,  compared  with  the  maximum  power  which  has 
to  be  given  bv  the  mill  motor. 
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4-          +- 
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Fig.      U— General  arrangement  of  the   reversing  rolling   mill   and  e]ectrir;il 
plant  at  Skinningrove  Iron  Works. 


In  the  case  of  an  electrically  driven  hoist,  the  duration  of  a 
wind  would  be  perhaps  one  minute,  followed  by  a  pause  of  20 
seconds  or  so,  and  the  maximum  power  required  seldom  ex- 
ceeds 3,000  to  4,000  horse  power,  so  that  the  average  power  is 
of  the  order  of  one-third  of  the  maximum  power.  While,  as 
has  already  been  pointed  out,  it  is  frequently  necessary  to 
employ  flywheels  with  winding  engines  it  is  always  necessary 
to  couple  a  flywheel  to  the  motor-generator  set  which  supplies 
a  reversing  rolling  mill  motor,  and  to  make  provision  so  that  the 
motor-generator  set  falls  in  speed  when  the  mill  motor  requires 
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a  heavy  power  to  enable  the  flywheel  to  give  up  some  of  its 
power,  and  then  rises  in  speed  again  when  the  mill  motor  is  not 
requiring  power,  thereby  using  the  supply  of  the  power  house  to 
store  up  energy  in  the  flywheel. 

Experience  has  shown  that  in  a  steel  works  where  electrical 
power  is  being  generated  in  a  blast  furnace  gas-engine  power 
station,  the  flywheel  of  the  motor-generator  set  has  a  very 
beneficial  effect  in  keeping  down  the  cost  of  this  power  station. 

The  flywheel  of  the  motor- generator  set  can  be  arranged 
so  that  it  not  only  reduces  fluctuations  in  the  demand  of 
power  made  by  the  mill  motor  to  a  minimum,  but  is  also  capable 
of  reducing  or  even  obviating  peaks  of  short  duration  in  the 
power  demand,  which  may  occur  in  other  parts  of  the  plant 
which  are  supplied  from  this  power  house.  This  is  particularly 
the  case  where  direct  current  power  is  being  supplied. 

As  the  blast  furnace  gas-engine  has  a  very  small  overload 
capacity,  this  will  obviate  the  necessity  of  running  extra  gen- 
erating sets  in  order  to  take  care  of  the  peaks,  and  it  will,  there- 
fore, both  enable  the  total  installed  horse  power  of  the  power 
house  to  be  kept  to  a  minimum,  and  will  also  keep  down  the 
running  costs. 

A  reversing  rolling  mill  motor,  on  account  of  the  rapidity 
with  which  it  has  to  reverse,  must  be  so  designed  that  its  moment 
of  inertia  is  kept  down  to  a  minimum  and  special  precautions 
must  be  taken  to  see  that  the  field  of  the  generator  supplying 
this  reversing  motor  should  build  up  as  rapidly  as  possible. 
This  has  been  accomplished  so  successfully  that  it  has  been 
found  possible  to  reverse  a  large  reversing  mill  motor  having 
rotating  parts  weighing  over  70  tons,  30  or  40  times  per  minute 
between  a  speed  of  60  revolutions  in  one  direction  and  60  revolu- 
tions in  the  other,  when  no  steel  is  being  rolled.  Such  tests 
naturally  cannot  be  made  while  steel  is  being  rolled  because  it 
would  be  quite  impossible  with  the  present  type  of  live  roller 
tables  to  return  the  ingots  to  the  mill  quickly  enough,  but  such 
tests  are  useful  in  showing  the  very  high  rate  of  acceleration  of 
the  mill  motor  which  can  be  obtained,  and  as  a  measure  of  the 
handiness  of  the  mill. 


Electkicai.  l)Ri\iN(i  OF  WiNDiNc;  Enc.ines — Ablett  and  Lyons      291 

Poioer  Diaijraiii  for  Revers'nu]  Blooming  Mill. 

Under  ordinary  conditions  the  power  diagrams  for  each 
Avind  of  a  hoist  are  identical  and  can  be  calculated  with  con- 
siderable exactitude  from  the  conditions  of  working,  but  with  a 
rolling  mill  the  power  diagrams  for  each  pass  vary  very  greatly 
from  one  another,  and  cannot  be  calculated  with  any  accuracy, 
for  the  following  reasons. 

During  the  earlier  passes  heavy  drafts  are  taken  but  the 
ingot  is  quite  short,  consequently  large  powers  are  required  for 
very  short  times;  but  as  the  ingot  is  gradually  rolled  out  to  a 
bloom  of  considerable  length  and  reduced  in  section  the  drafts 
are  diminished,  as  the  reduction  in  area  must  be  kept  moderate, 
otherwise  the  bloom  is  damaged  by  the  formation  of  surface 
cracks,  etc.,  so  that  during  the  last  passes  the  necessary  power 
is  not  very  great,  but  it  is  required  for  a  considerable  time. 
This  is  shown  by  the  results  of  the  test  given  in  the  accom- 
panying table,  on  page  292. 

This  table  of  figures  represents  one  of  the  first  ingots 
which  w^as  rolled  in  a  new  mill,  and  while  the  table  of  results 
serves  to  illustrate  the  remarks  made  above,  a  close  inspection 
will  show  that  the  men  were  not  well  used  to  the  mill,  as  the 
drafts  taken  were  somewhat  irregular  and  the  time  taken  to 
handle  the  ingot  between  passes,  particularly  where  the  ingot 
had  to  be  tilted,  was  considerable,  compared  with  normal  work- 
ing conditions. 

It  will  be  noticed  in  the  table  that  the  maximum  peripheral 
speed  of  the  rolls  is  only  about  575  feet  per  minute.  Billets  are 
now  being  finished  in  this  mill  at  a  peripheral  speed  of  over 
1,000  feet  per  minute. 

During  the  first  two  or  three  passes  the  ingot  still  has  its 
tapered  shape  and  the  metal  is  very  spongy  in  character,  so 
that  the  powers  required  are  not  very  heavy  and  are  very 
irregular.  By  the  time  that  the  last  passes  are  taken  the  bloom 
has  coolud  down  considerably  and  while  this  cooling  increases 
the  specific  power  required,  such  drafts  are  taken  that  the  power 
required  for  these  passes  remains  much  less  than  that  for 
the  first  passes. 
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In  u  blooniiiij;-  mill  the  draft  in  each  pass  is  r('jj;ulatccl  by 
screwing  down  llie  rolls,  which  brings  in  a  personal  element,  so 
that  it  does  not  follow  that  the  power  diagrams  for  the  rolling 
down  of  successive  ingots  resemble  one  another  very  closely, 
and  in  addition  ingots  do  not  always  come  to  the  mill  at  the 
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Fig.      19 — Typical  parabolic  curve  of  work  done  in  rolling  down  an  ingot. 

same  temperature,  which  also  brings  in  variations  in  the  power 
diagrams  for  successive  ingots. 

It  will  be  seen  that  in  the  design  of  the  electrical  drive  for 
reversing  rolling  mills,  experience  and  judgment  play  <a  larger 
part  than  calculation,  and  in  any  case  a  good  margin  should 
always  be  allowed  to  ensure  that  the  mill  is  not  underpowered. 
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Many  tests  have  been  carried  out  on  electrically  driven 
reversing  mills  to  obtain  data  for  the  work  done  in  rolling  the 
v^arious  sections,  and  such  results  are  usualh*  plotted  out  with 
the  elongation  of  the  ingot  as  the  abscissa,  and  the  work  done  as 
the  ordinate,  yielding  a  parabolic  shaped  curve.  Fig.  19  being  a 
typical  curve. 

Experience  has  shown,  however,  that  sujh  data  should  al- 
ways be  accepted  with  caution,  for  even  where  tests  are  made  on 
the  same  mill,  rolling  the  same  material  under  conditions  which 
are  as  similar  as  it  is  possible  to  reproduce  in  practice,  con- 
siderable differences  are  found  in  the  work  which  has  to  be 
done  in  rolling  down  the  ingots,  because  the  slight  differences 
in  the  speed  of  rolling,  in  the  time  taken  between  passes  etc., 
which  cannot  be  avoided  in  practice,  have  a  considerable 
effect  on  the  results  obtained. 

Action  of  Flywheel. 

There  is  a  great  difference  between  the  behaviour  of  the 
flywheel  coupled  to  the  motor-generator  set  used  for  driving  a 
hoist,  and  that  used  for  driving  a  rolling  mill.  In  the  case  of  a 
hoist  where  the  power  diagrams  for  each  successive  wind  are 
almost  identical,  and  about  an  equal  period  elapses  between  each 
wind,  the  flywheel  gives  up  power  during  a  wind  and  regains  it 
during  the  interval,  thus  serving  to  equalize  the  power  between 
individual  winds  and  intervals.  In  the  case  of  a  rolling  mill, 
and  particularly  a  blooming  mill,  the  flywheel  has  to  do  a  double 
duty,  because  during  the  first  passes  made  on  an  ingot,  al- 
though the  mill  motor  has  to  give  a  large  power,  it  only  has 
to  give  it  for  a  very  short  time  as  the  ingot  is  short,  so  that  the 
energy  consumption  during  the  earlier  passes  is  much  less  than 
the  energy  consumption  during  the  later  passes,  where,  although 
the  power  given  by  the  motor  is  not  so  great,  the  ingot  has  been 
rolled  out  to  a  considerable  length,  so  that  a  very  considerable 
energy  is  required  per  pass.  The  flywheel,  therefore,  has  to  give 
up  energy  during  the  passes  and  regain  it  during  the  intervals 
between  passes,  and  also  the  flywheel  gains  energy  during  the 
first  passes  of  an  ingot  and  loses  energy  during  the  later  passes, 
so  that  its  speed  variation  has  a  double  period,  namel3%  a  short 
period  of  about  o  to  10  seconds,  corresponding  to  the  partial 


Fig.      13 — General  view  of  the  winding  engine  plant  at  the  Markham  Stear 
Coal  Company's  plant,  showing  both  winding  engines. 


Fig.  16 — General  view  of  the  electrical  plant  for  driving  a  36-inch  reversing 
blooming,  roughing  and  finishing  mill  at  the  Skinningrove  Iron 
Works.  The  l'-2,000  horse-power  reversing  motor  will  be  seen  in 
the  background.  The  Ilgner  motor  generator  set  is  in  the  fore- 
ground, consisting  of  a  three-phase  motor,  two  variable  voltage 
dynamos  and  a  46-ton  flywheel. 
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17 — A  reversing  rolling  mill  D.C".  motor  at  Skinningrove,  1'2,000  horse- 
Dower.   at    60   r.n  m..    maximum   sneed.    l'-20   r.n.m.      Total    weight 
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Fig.  20 — Results  of  tests  showing  variation  in  current  supplied  to  reversing 
rolling  mill  motor,  current  taken  from  the  power  house,  and  vai-ialion 
in  speed  of  llgner  motor  generator  set. 
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^([ualisaliDii  of  powrr  Ix'twc-cn  the  |)ass  and  iiilcrNal,  and  a  lonji; 
period  of  about  .'i  minutes,  corresponding  to  the  e(|uulisation  of 
power  over  the  whok*  time  of  rolling  an  ingot.  This  is  shown 
in  the  lower  curve  of  Fig.  20. 

Where  ingots  are  l)eing  rolled  regularly  one  after  the  oilier, 
the  flywheel,  in  consetiuence  of  this,  is  at  about  its  lowest  speed 
wdien  a  new  ingot  enters  the  rolls.  When  the  ingot  is  about 
half  rolled  down  the  speed  is  at  its  maximum,  and  the  flywheel 
is  again  at  its  lowest  speed  when  the  ingot  has  been  rolled  down 
to  its  final  section. 

As  the  flywheel  used  in  connection  with  a  rolling  mill  has  to 
equalize  the  power  over  a  period  of  three  minutes  or  so,  it  is 
usually  found  that  these  flywheels  are  much  heavier  than  those 
applied  to  winding  engines.  The  motor  generator  set  for  a 
blooming  mill  is  usually  supplied  with  a  flywheel  weighing  about 
40  tons,  while  a  motor  generator  set  provided  for  a  plate  mill,  or 
a  finishing  mill,  is  generally  supplied  with  a  flywheel  weighing 
anything  from  60  to  100  tons,  depending  on  the  work  which 
has  to  be  done.  The  motor  generator  set  for  supplying  hoists 
or  winding  engines  is  generally  provided  with  a  flywheel  of  not 
more  than  from  20  to  30  tons.  Such  flywheels  would  run  at  a 
peripheral  speed  of  about  20,000  per  minute,  though  in  some 
•cases  this  peripheral  speed  has  been  considerably  increased. 

Such  a  100-ton  wheel  running  at  this  speed  would  have  a 
stored  energy  of  about  300,000,000  foot  lbs.  or  545,000  horse 
power  seconds,  and  in  falling  20%  in  speed  would  give  up 
108,000,000  foot  lbs.  or  195,000  horse  power  seconds. 

The  total  work  required  to  roll  a  13^  ton  ingot  to  a  4%  x  4^ 
billet  is  59,000,000  foot  lbs.  or  108,000  horse  power  seconds. 

Safety  Devices. 

The  safety  devices  provided  for  an  electrically  driven  roll- 
ing mill  are  of  a  much  simpler  character  than  those  provided  for 
a  hoist,  because  it  is  not  necessary  to  provide  against  the 
possibility  of  an  overwind  or  the  loaded  cage  falling  to  the  bot- 
tom of  the  shaft  due  to  the  failure  of  the  electric  power.  It  is 
only  necessary  to  protect  the  electrical  plant  and  the  mill  itself 
against  careless  handling. 
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Shell  couplings  are  usuall}^  provided  to  couple  the  pinion 
wobblers  to  the  leading  spindles  to  prevent  the  motor  or  pinions 
being  shifted  from  their  bedplate  by  axial  thrust  due  to  a 
broken  roll.  This  feature  is  usually  also  introduced  into  well 
designed  steam  driven  mills.  A  circuit  breaker  is  provided  in 
the  main  circuit  between  the  generator  of  the  motor  generator 
set  and  the  mill  motor  to  cut  off  the  power  from  the  motor  in 
case,  through  carelessness,  an  attempt  is  made  to  roll  a  cold 
ingot,  or  too  great  a  draft  is  taken  on  an  ingot,  imposing  a 
greater  strain  on  the  motor  and  mill  than  they  were  designed  for. 

The  circuit  breaker  is  a  protection  against  broken  rolls  as 
well  as  against  damaging  the  motor,  and  it  must  be  remembered 
that  many  rolls,  especially  the  bottom  roll,  have  a  very  small 
factor  of  safety.^  Such  a  circuit  breaker  would  be  most  ob- 
jectionable if  used  with  a  hoist,  as  only  the  prompt  application 
of  the  brakes  would  prevent  the  cage  falling  in  the  shaft  when 
the  breaker  opened,  but  with  a  mill,  when  the  circuit  breaker 
acts  the  motor  merely  comes  promptly  to  a  standstill,  and  if 
there  is  an  ingot  between  the  rolls,  the  mill  can  be  reversed,  the 
circuit  breaker  put  in,  the  ingot  run  out  of  the  mill  again,  and 
no  damage  is  done. 

This  circuit  breaker  can  either  be  operated  instantaneously 
by  a  maximum  current  cut  out  in  the  main  circuit  or  else  opened 
by  a  lever  under  the  control  of  the  driver.  In  the  latter  case  the 
field  currents  in  the  generator  and  motor  field  are  reduced  to 
zero  before  the  circuit  breaker  operates;  in  practice  this  hand 
lever  is  seldom  used. 

During  the  latter  passes,  when  the  ingot  has  been  rolled 
out  to  a  bloom  of  considerable  length,  there  is  time  to  accelerate 
the  mill  to  a  much  higher  speed  than  is  possible  when  rolling  a 
comparatively  short  ingot,  and  this  is  desirable  in  order  to  get 
the  work  done  as  quickly  as  possible,  while,  as  the  section  has 
become  much  reduced  and  the  draft  is  small,  a  relatively  small 
turning  moment  is  required.  This  is  clearly  shown  in  the  table 
on  page  292. 


^  Dr.  Puppe.     Iron  and  Steel   Institute,   Carnegie   Scholarship    Memoirs 
Vol.  II.,  p.  300. 
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The  mill  inolor  is  of  course  acceleruted  lo  the  muximum 
speed  at  which  full  luruiug  niouieut  is  required  hy  increasing  the 
field  of  the  variable  voltage  generator.  The  most  convenient  way 
of  obtaining  this  additional  speed  without  increasing  the  size  and 
capital  cost  of  the  i)lant  is  by  decreasing  the  mill  motor  field, 
though  of  course  at  the  expense  of  reducing  the  possible  turning 
moment,  which  decreases  at  a  faster  rate  than  the  speed  in- 
creases, but  which,  however,  agrees  very  well  with  the  require- 
ments of  the  mill. 

There  is  always  the  possibility,  however,  of  too  heavy  a 
draft  being  taken  through  carelessness  when  the  mill  is  running 
at  this  high  speed,  causing  an  overload  against  which  the  circuit 
breaker  would  not  offer  proper  protection.  To  prevent  this  a 
relay  is  provided,  which,  when  it  operates,  strengthens  the 
motor  field  to  its  full  value  and  reduces  the  motor  speed  to  the 
maximum  at  which  it  can  exert  its  maximum  turning  moment, 
thus  both  reducing  the  overload  and  putting  the  motor  in  a 
better  position  to  meet  it,  but  if  the  overload  is  still  too  great  for 
the  motor  the  circuit  breaker  will  open. 

The  purpose  of  the  flywdieel  coupled  to  the  motor-generator 
set,  as  mentioned  above,  is  to  ensure  that  the  rolling  mill  plant 
takes  an  average  steady  power  from  the  power  station  irrespec- 
tive of  any  fluctuations  in  power  the  mill  may  require,  but  the 
value  of  the  average  steady  power  depends  on  the  work  that 
the  mill  is  doing,  i.e.,  the  output  and  the  section  that  is  being 
rolled. 

If  the  regulating  mechanism  is  set  for  the  maximum  average 
steady  power,  corresponding  to  the  heaviest  work  that  is  done 
in  the  mill,  and  then  much  lighter  work  is  done,  rolling  slabs 
for  plates  for  instance,  the  power  taken  will  fluctuate  consider- 
ably, but  will  not  exceed  the  value  of  average  power  for  which 
the  regulator  has  been  set. 

As  this  fluctuation  may  adversely  affect  the  regulation  of 
the  power  house,  means  are  provided  to  enable  the  regulator  to 
maintain  a  lower  value  of  average  steady  power,  corresponding 
to  the  work  that  is  being  done. 

If  the  regulator  is  set  for  this  lower  value  and  heavy  work 
is  again  done  in  the  mill,  the  surplus  power  will  be  drawn  from 
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the  flywheel  to  give  the  necessary  energy,  the  speed  of  the  motor 
generator  set  will  sink  lower  and  lower  till  at  last  the  flywheel, 
whose  store  of  energy  is  proportional  to  the  square  of  its  speed, 
will  not  be  able  to  supply  enough  power  to  drag  the  billets 
through  the  mill  and  the  mill  will  stall. 

To  prevent  this,  two  coloured  lamps  are  provided  on  the 
driver's  platform  to  signal  the  speed  of  the  flywheel.  The  first 
one,  the  caution  signal,  lights  up  when  the  flywheel  is  about  22% 
below  full  speed,  to  warn  the  driver  that  the  average  power  is 
inadeciuate  to  the  work  he  is  doing,  and  that  the  regulator  must 
be  set  to  a  higher  value.  The  second,  or  danger  signal,  lights 
when  the  flywheel  is  30%  below^  speed,  and  warns  the  driver 
that  if  he  goes  on  he  will  stall  the  mill. 

A  good  deal  of  space  in  this  paper  has  been  devoted  to 
description  of  safety  devices  but  it  should  not  be  considered  on 
this  account  that  there  is  any  inherent  risk  in  using  such 
electrical  plant,  as  the  safety  devices  are  to  protect  the  plant 
against  damage  due  to  careless  handling.  The  devices  applied 
to  steam  hoisting  engines,  and  particularly  to  steam  reversing 
rolling  mill  engines,  are  of  a  much  more  rudimentary  descrip- 
tion, and  the  safety  of  such  steam  plants  really  depends  on  the 
skill  and  experience  of  the  driver. 

It  should  be  particularly  pointed  out  that  the  electrically 
driven  reversing  mill  does  not  increase  in  speed  as  the  ingot 
passes  out  of  the  rolls,  while  the  steam  engine,  unless  carefully 
handled,  will  race  and  run  away. 

Three  High  Mills. 

The  authors  have  selected  the  electrically  driven  blooming 
mill  as  an  example,  and  space  unfortunately  does  not  permit  the 
discussion  of  the  modification  of  the  Ward  Leonard  system  to 
suit  the  requirements  of  plate  mills  and  finishing  mills. 

It  is,  however,  important  to  mention  that  there  is  an  in- 
creasing tendency  in  Europe  to  use  the  Ward  Leonard  system 
for  the  driving  of  three  high  finishing  mills,  instead  of  a  con- 
tinuous running  motor  and  flywheel  coupled  to  the  mill. 

The  reason  for  this  is  that  the  Ward  Leonard  system  en- 
ables  a   much  greater  output  to  be  obtained  from  the   mill. 
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when  ,t  ,s  coupled  to  a  continuous  running  motor  and  flywheel 

These  advantages  are  found  in  Europe  to  outweigh  the 
increased  capital  cost  of  the  plant. 

Three-Phase  System. 

ApplicaUon  of  Three-Phase  Motors  to  Winding  Engine,  and 

Hoists. 

^.•t.,"^,"'-^''"'''''"''  '"°*°''  '^''""°'  ^^  •>"'■■*  '»■•  a  verv  low  speed 
regulation  of  the  supply  system,  and  for  this  reason  where  three- 
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In   the   'IVard   Leonard  or  Ilgner  system,   however,    where  a 
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two  of  the  ."         '■'"^"°"   '^   '■""'■^'='1   ''y   interchanging 

two  o   the  connections  to  the  stator,  so  that  a  reversing  switch 
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forw"  ds  ia'T   """'",  •'""^   ""'    ■""-   "^-kwards   and 
forwards  m  a  quadrant  with  a  straight  line  motion,  but  the 
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quadrant  has  two  parallel  slots  connected  by  a  cross  slot. 
\Yhen  the  main  control  lever  is  moved  along  the  cross  slot  it 
operates  the  oil  switch  and  reverses  the  motor.  When  it  is 
moved  along  one  of  the  parallel  slots  it  speeds  up  the  winding 
engine  in  one  direction,  when  it  is  moved  along  the  other  slot 
the  winding  engine  speeds  up  in  the  other  direction. 

With  larger  winders  the  reversing  switch  is  operated  elec- 
trically, and  the  control  lever  moves  backwards  and  forwards 
in  a  straight  slot  in  a  quadrant.  The  winding  engine  is  at 
rest  when  the  lever  is  in  the  middle  position  and  as  the  lever 
passes  through  the  middle  position  it  makes  an  electrical  con- 
tact which  actuates  the  reversing  switch. 

In  order  to  explain  the  differences  between  the  control  of  a 
three-phase  winder  and  that  of  a  Ward  Leonard  winder,  it  is 
necessary  to  refer  briefly  to  the  behaviour  of  a  three-phase 
induction  motor  when  resistances  are  connected  in  the  rotor 
circuit. 

When  the  stator  of  a  three-phase  motor  is  connected  to  the 
power  circuit,  and  the  rotor  revolves,  a  voltage  is  produced 
in  the  rotor  proportional  to  the  difference  between  the  synchron- 
ous speed  and  that  at  which  the  rotor  is  rotating,  and  this 
voltage  causes  a  current  to  flow  in  the  rotor  which  produces  the 
turning  moment. 

If  a  resistance  is  connected  in  the  rotor  circuit,  there  will 
be  a  certain  drop  in  pressure  across  it  proportional  to  the  current 
in  the  rotor  and  to  the  value  of  the  resistance  and  consequently 
the  rotor  must  fall  in  speed  to  provide  sufficient  voltage  to  over- 
come this  drop  in  pressure,  so  that  the  current  and  turning 
moment  which  the  motor  is  giving  is  maintained. 

If  the  amount  of  resistance  is  increased  the  motor  will 
naturally  drop  more  in  speed.  If  the  motor  is  required  to  give 
a  less  turning  moment,  requiring  a  reduced  current  in  the  rotor, 
the  drop  in  pressure  across  the  resistances  becomes  less  and 
the  motor  will  speed  up  until  the  balance  between  the  rotor 
voltage  and  the  drop  in  pressure  is  restored,  until  finally  at  light 
load  the  speed  of  the  motor  will  approximate  to  the  synchronous 
speed.     Thus,  if  the  proper  resistances  in  the  rotor  circuit  of  a 
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three-phase  iiitluctioii  motor  arc  connected  to  reduce  the  speed 
by  a  given  ainomil  I'or  a  definite  turning  moment,  the  speed  of 
the  motor  will  increase  if  the  turning  moment  which  it  has  to 
give  decreases,  ami  it  will  decrease  if  the  turning  moment 
increases. 

It  will  thus  be  seen  that  while  with  a  Ward  Leonard  or 
Ilgner  winder,  the  winder  runs  at  a  definite  speed  for  each  posi- 
tion of  the  control  lever,  and  the  speed  of  the  winder  is  inde- 
pendent of  the  load  in  the  cages,  with  a  three-phase  winder  the 
speed  does  not  solely  depend  on  the  position  of  the  control 
lever,  but  also  depends  on  the  turning  moment  which  the  motor 
has  to  give,  so  that  for  a  definite  position  of  the  control  levet 
the  speed  may  vary  according  to  the  position  of  the  cages  in 
the  shaft  and  according  to  the  load  that  is  being  hoisted,  for  as 
the  loaded  cage  is  being  hoisted,  its  w-eight  becomes  more  and 
more  balanced  by  the  weight  of  the  rope  attached  to  the  empty 
cage. 

With  the  three-phase  winder,  therefore,  the  manipulation 
of  the  levers  would  be  different  as  different  loads  are  being 
hoisted,  and  it  is  therefore  impossible  to  employ  cams  on  the 
depth  indicator  to  limit  the  acceleration  and  to  bring  the  loaded 
cage  to  a  slow^  speed  by  the  time  it  reaches  the  bank. 

In  the  three-phase  winder,  therefore,  we  come  back  to  the 
case  of  a  steam  engine  where  the  wind  is  entirely  in  the  hands  of 
the  driver  and  reliance  must  be  placed  in  his  skill  for  the  safe 
handling  of  the  plant. 

Power  Diagram   of   Three-Phase   Winder. 

Where  the  speed  of  a  three-phase  induction  motor  is  con- 
trolled by  placing  resistances  in  the  rotor  circuit,  and  the  motor 
is  giving  a  definite  turning  moment,  the  same  amount  of  power 
will  be  taken  from  the  supply  system  whatever  the  speed  of  the 
motor  may  be.  The  turning  moment  multiplied  by  the  speed 
gives  the  amount  of  power  which  the  motor  uses  and  the  re- 
mainder of  the  power  is  w^asted  in  the  resistances.  Thus,  the 
three-phase  motor  involves  great  waste  of  power. 
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Fig.  27*  is  a  power  diagram  for  a  three-phase  winder  with  a 
cylindrical  drum  winding  at  the  rate  of  270  tons  per  hour  from 
a  shaft  1,600  feet  deep,  the  maximum  speed  being  40  feet  per 
second.  The  shaded  portions  of  this  diagram  represent  the 
power  which  is  wasted  in  the  resistances  of  the  starter  in 
starting  and  stopping  the  motor,  and  in  this  particular  case  the 
useful  work  done  by  the  winder  is  524  horse  power  minutes  per 
wind.  The  amount  of  energy  wasted  in  the  starter  is  325 
horse  power  minutes  per  wind.  Taking  into  account  the  effici- 
ency of  the  three-phase  motor  the  energy  taken  by  the  winder 
from  the  supply  system  is  910  horse  power  minutes  per  wind. 
The  average  efficiency  of  the  electrical  plant,  therefore,  is 
only  57.5%. 

Comparison   of   Three-Phase   Winder   with    Ward  Leonard   and 
Ilgner  Winders. 

Fig.  27*  shows  how  large  the  power  losses  are  in  starting 
and  stopping  a  three-phase  winder.  It  also  illustrates  a  case 
that  is  much  more  suitable  for  a  Ward  Leonard  or  Ilgner 
winder  than  a  three-phase  winder,  and  as  the  loss  in  starting 
and  stopping  a  three-phase  winder  is  very  great,  it  will  be  seen 
that  it  is  most  advantageous  to  employ  a  three-phase  winder 
where  the  starting  and  stopping  is  infrequent,  and  where 
there  is  a  long  run  at  full  speed,  when  the  three-phase  winder  is 
economical,  or  where  there  is  a  considerable  interval  between 
winds.  These  are  practically  the  conditions  of  a  long  slope 
haulage. 

Under  such  conditions  a  three-phase  winder  can  easily 
prove  more  economical  in  power  than  the  Ilgner  or  the  Ward 
Leonard  winder,  because,  with  the  latter,  the  motor-generator 
set  would  have  to  be  kept  running  continuously  and  this 
involves  an  unceasing,  though  small  expenditure  of  power, 
so  that  the  energy  taken  to  run  the  motor-generator  set  can 
easily  be  more  than  the  energy  wasted  in  starting  and  stopping 
the  three-phase  winder. 


*  Fig.  27 — See  Illustration  Fig.  36.      Typical    power    diagram   for   three- 
phase  winder. 


Fig-  '21 — 30-inch  three  high  rolling  mill  with  five  strands  of  rolls  driven^on 
the  llgner  system.  Motor,  IIJJOO  horse-power,  at  52  r.p.m. 
Maximnm  speed,  180  r.p.m.     This  mill  is  rolling  beams  and  rails. 


Fig.  22 — Driver's  platform  of  mill  shown  in  Fig.  20.  The  main  control 
lever,  emergency  lever  and  instruments  indicating  powerand  speed 
of  mill  motor  are  seen  to  the  right  of  the  column. 


Fig.  23 — Cylindrical  drum  three-phase  winder  at  the  Acadia  Coal  Company, 
Stellarton,  Nova  Scotia,  showing  motor  and  double  reduction 
gearing.  Total  length  of  slope,  4,921  feet.  Nett  load  per  wind, 
1 1   tons. 


Fig.  24 — Control  gear  of  three-phase  winder  shown  in  Fig.  22,  showing 
main  control  lever,  emergency  lever  and  clutch  levers.  The  re- 
versing oil  switch  is  on  the  right  hand  side  and  the  liquid  controller 
on  the  left  hand  side. 
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'I'lir  tliri'('-|)li;isc'  \viii(l(M-  is  ;ul\aiit;igcou.s: — 

(1)  Where  the  capital  eosL  ot"  the  plant  is  a  prime  con- 
sideralion,  as  the  total  cost  of  the  three-})hase  wind- 
er is  from  20%  to  35%  lower  Ihaii  that  of  a  Ward 
Leonard  winder. 

{"i)  Where  the  starling  and  stopj)ing  is  infrequent  and 
long  runs  at  full  speed  are  required,  as  is  particularly 
the  case  with  slope  haulage. 

(3)  Where  the  winder  is  working  very  intermittently, 
when,  if  a  Ward  Leonard  set  were  installed  it 
would  have  to  run  for  long  periods  without  doing 
any  work. 

The  three-phase  winder  is  disadvantageous: — 

(1)  For  vertical  shafts,  as  it  cannot  be  fitted  with  the 

safety  appliances  used  with  the  Ward  Leonard 
winder. 

(2)  W  here  the  winds  are  short  and  the  winding  speed  is 

high,  i.e.,  large  outputs. 

(3)  W  here  the  pow'cr  station  from  which  the  winder  is 

supplied  is  relatively  small,  because  in  the  case  of  a 
three-phase  winder  the  load  comes  on  instantane- 
ously, and  not  gradually  as  with  the  W'ard  Leonard 
winder,  so  that  the  three-phase  winder  would 
disturb  the  regulation  of  the  electrical  supply 
system. 

(4)  Where  there  is  a  long  transm.ission  line  between  the 

power  station  and  the  winder,  and  the  fluctuations 
in  demand  of  a  three-phase  winder  would  cause 
considerable  variation  in  voltage.  This  would  not 
only  have  a  bad  effect  on  other  plant  supplied  in 
the  same  circuit,  but  would  have  an  adverse  effect 
on  the  three-phase  winder  itself,  because  the  turning 
moment  which  a  three-phase  motor  can  exert  is 
projjortional  to  the  square  of  the  voltage,  so  that 
a  small  drop  in  voltage  could  greatly  reduce  the 
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turning  moment  which  a  three-phase  motor  could 
give,  and  in  bad  cases  it  might  even  be  found 
difficult  or  impossible  to  start  the  winder  until  the 
regulation  of  the  system  was  restored. 

Lowering  Load. — There  are  three  methods  by  which  the 
load  can  be  lowered  with  a  three-phase  winder: — 

(1)  By  controlling  the  speed  with  the  mechanical  brakes, 

(2)  By  lowering  at  such  a  speed  that  the  motor  is  run 

above  its  synchronous  speed  and  so  acts  as  a  genera- 
tor and  returns  power  to  the  supply  system. 

(3)  By  reversing  the  connections  to  the  motor  so  that  it 

is  giving  its  turning  moment  in  the  reverse  direction 
to  the  rotation,  and  controlling  the  speed  by  the 
use    of    the    ordinary    control    lever    with    reverse 
current. 
The  first  of  these  methods  is  objectionable,  as  it  produces 
very  considerable  wear  and  tear  on  the  brakes,  and  it  is  difficult 
to  design  the  brake  paths  so  that  the  heat  generated  is  dis- 
sipated and  burning  of  the  brake  blocks  is  prevented. 

The  second  method  is  economical  in  power,  but  it  is  dif- 
ficult to  control  because  the  electrical  braking  action  does  not 
take  effect  until  the  speed  of  the  motor  has  exceeded  synchron- 
ous speed.  The  motor  must  first  be  switched  on  in  the  lowering  di- 
rection when  the  motor  power  is  increasing  the  acceleration  due 
to  gravity,  and  in  some  cases  to  prevent  this  acceleration  being 
too  great  the  speed  has  to  be  checked  with  the  mechanical 
brake.  As  soon  as  the  motor  exceeds  synchronous  speed  the 
electrical  brake  will  take  effect  and  the  speed  of  the  motor  will 
increase  until  it  is  four  or  five  per  cent,  above  synchronous 
speed,  which  is  higher,  of  course,  than  the  ordinary  hoisting 
speed,  and  the  motor  will  remain  practically  steady  at  this 
speed  and  act  as  an  induction  generator,  returning  power  to 
the  line. 

It  is  not  possible  to  use  this  generating  effect  to  bring  the 
cage  at  rest,  but  the  lever  may  be  brought  back  past  the  mid 
position  so  that  the  cage  is  brought  to  rest  by  giving  the  motor 
reverse  current,  but  while  the  lever  is  being  moved  over  there  is 
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no  electrical  hrakiiij;'  ellecl  wlialcver,  aiul  lo  prevent  the  cage 
increasing  in  speed  it  has  to  be  checked  with  the  mechanical 
brake. 


LOV^BHiNQ.   T>iAG-HA,M    2Aoo  Ft  P£ff  M/W. 
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\A/r  Of'  CA6-E  A>vr> 
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H'P  ABSOftBEt>f^  STAffTSt 
SArowAT   S»A1>£2>. 


•%^ 


Fig  .28 — Typical  power  diagram  for  three-phase  winder,  h)wering  with 
reverse  current,  showing  excessive  power  which  is  taken  from  the 
supply  system  and  wasted. 

It  will  thus  be  seen  that  this  method  of  control  is  distinctly 
difficult  and  should  only  be  used  in  the  case  of  long  winds,  such 
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as  a  slope  haulage,  where  there  is  plenty  of  time  to  execute  these 
manoeuvres. 

The  third  method  by  which  the  connections  of  the  motors 
are  reversed,  so  that  it  is  exerting  its  torque  against  the  rotation^ 
is  extremely  wasteful,  because  the  motor  takes  power  from  the. 
line  in  proportion  to  the  turning  moment  which  it  is  exerting, 
as  well  as  the  power  which  is  given  out  by  the  winder,  corre- 
sponding to  the  work  done  by  the  loads  in  descending. 

As  an  example  of  this  attention  may  be  called  to  the  lower- 
ing diagram,  with  reverse  current,  shown  in  Fig.  28.  The 
amount  of  energy  given  up  by  the  lowering  of  the  load  is  20,900 
horse  power  seconds.  The  amount  of  energy  taken  by  the 
motor  from  the  supply  is  42,900  horse  power  seconds.  There- 
fore, in  order  to  exert  the  braking  effect  on  the  winder,  and  to 
absorb  the  power  given  up  in  lowering  the  load,  which  amounts 
to  20,900  horse  power  seconds,  the  starter  has  to  dissipate 
63,800  horse  power  seconds. 

It  will  easily  be  seen,  therefore,  that  when  a  load  is  lowered 
in  this  manner,  the  amount  of  energy  which  the  starter  has  to 
dissipate  is  very  large,  and  in  order  to  enable  lowering  to  be 
carried  out  in  this  way  it  would,  in  many  cases,  be  necessary  to 
employ  a  much  larger  starter  than  is  required  for  controlling  the 
winding  engine  when  hoisting. 

This  method  of  lowering  is  the  easiest  to  control,  and,  for 
this  reason,  although  it  is  very  wasteful,  it  is  generally  adopted 
for  large  three-phase  winders. 

Starter  and  Controlling  Resistances. — From  what  has  been 
stated  above  it  will  be  seen  that  for  the  control  of  large  three- 
phase  winding  engines,  resistances  have  to  be  provided  which 
will  dissipate  a  considerable  amount  of  power. 

In  the  case  illustrated  in  Fig.3(),  325  horse  power  will  have 
to  be  dissipated  continuously,  and  means  have  to  be  adopted  for 
absorbing  this  power  in  the  controlling  resistance  and  carrying 
away  the  resultant  heat  developed,  while,  at  the  same  time,  the 
controlling  resistance  is  of  a  form  which  can  be  easily  operated 
by  the  driver. 


Fig.  '■■15 — Control  gear  of  the  Harton  Coal  Company's  three-phase  whuler. 
showing  control  levers,  depth  indicator,  reversing  switch  and 
liquid  controller! 


Fig.      26 — Three-phase   cylindrical   drum    winder   at    the    Harton    Coal    Ct)m- 
pany's  Harton  Main  Pit,  South  Shields,  England      Depth  of  shaft, 
1,424  feet      Nett  load  per  wind,  4.75  tons 


Fig.   -29 — Inflcrgroiind  three-phase  hoist,  showing  liquifi  controlling  resistance 


ig.  .'jO — Three-phase  cylinflrical  drum  winder  at  H.  Eckstein  &  Company's 
Bantjes  Consolidated  Mines,  Johannesburg,  Transvaal  This  is 
probably  the  biggest  three-phase  gear  driven  winder  in  existence 
Depth,  4.000  feet,  tm  a  .'5,5  slope  Xett  load.  4' 9  tons  Maximum 
winding  speed.  3,000  feet  per  minute  Motor,  2,900  horse-power, 
at  37.5  r.  p.  m. 


Electrical  Duimnc;  of  Windinc;  Engines— Ablktt  and  Lyons      ;}07 

A  vi'iy  usual  typo  of  con  I  rolling  resistance  is  a  liquid 
resistance  and  consists  of  two  tanks  arranged  vertically  one 
abovi'  (he  oilier,  in  [\\v  u|)|)er  tank  of  which  are  fixed  the 
electrodes  w  hi<h  are  connected  to  the  sliprings  of  the  three- 
j)hase  motor. 

When  the  winder  is  at  a  standstill  the  li(inid  is  practically 
all  contained  in  the  lower  lank,  bnt  is  being  continuously 
pumped  into  the  upi)er  tank  by  means  of  a  small  motor-driven 
pumj),  from  which  it  flows  back  into  the  lower  tank  over  a  mov- 
able weir. 

In  starting  the  winder  the  switch  in  the  stater  circuit  is 
first  closed  by  the  control  lever,  and  then,  as  the  control  lever  is 
moved  over,  this  weir  is  gradually  raised,  thereby  raising  the 
level  of  the  liquid  round  the  electrodes  in  the  upper  tank  and  re- 
ducing the  resistance  in  the  rotor  circuit. 

This  enables  a  very  large  controlling  resistance  to  be  operat- 
ed easily  by  the  driver  without  the  complication  of  electrical 
auxiliary  gear  etc. 

The  liquid  in  the  lower  tank  is  cooled  by  means  of  water 
circulating  through  a  coil  of  pipes,  which  forms  a  ready  w^ay  of 
carrying  away  the  heat  generated  owing  to  dissipation  of  energy 
in  the  resistances. 

Emergency  Gear. 

A  three-phase  winding  engine  is  provided  with  a  mechanical 
brake,  which  is  brought  into  action  by  means  of  a  Aveight  attach- 
ed to  a  lever,  but  the  brake  is  normally  held  away  from  the 
brake  drum  by  means  of  air  pressure.  If  this  air  pressure  fails, 
then  the  weight  brings  the  brake  on  to  the  brake  drum  and 
stops  the  winder.  As  the  speed  of  a  three-phase  winder  for  a 
given  position  of  the  control  lever  depends  on  the  load  which  is 
being  hoisted,  it  is  not  possible  to  provide  cams  on  the  depth  in- 
dicator in  order  to  slow  down  the  cage  before  it  reaches  the 
bank.  The  proper  slowing  down  of  the  cage  depends  on  the 
skill  of  the  driver,  but  an  overwind  device  is  fitted  both  in  the 
shaft  and  on  the  depth  indicator,  and  in  case  the  cage  over-runs 
the  bank,  cuts  off  the  power  from  the  motor  and  applies  the  brake 
by  means  of  the  emergency  gear. 

(T) 
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An  emergency  lever  is  provided  on  the  driver's  platform  by 
which  he  can  cut  oflF  the  power  and  apply  the  brake,  stopping 
the  winder  immediately  in  case  of  necessity.  In  case  the  power 
supply  fails  the  brake  is  at  once  applied  through  the  emergency 
gear. 

Winding  Men. 

With  the  three-phase  winder  the  speed  for  winding  men 
cannot  be  limited  automatically,  as  in  the  case  of  a  Ward 
Leonard  winder,  and  the  speed  depends  entirely  on  the  skill 
of  the  driver. 

Shaft  and  Rope  Inspection. 

For  shaft  and  rope  inspection  the  slow  speed  is  obtained  by 
leaving  a  very  large  amount  of  resistance  in  the  rotor  circuit 
of  the  motor,  but  as  the  speed  at  which  the  winder  runs  for  a 
given  position  of  the  control  lever  depends  on  the  turning  mo- 
ment which  is  being  exerted,  and  as  the  turning  moment  varies 
continually  from  the  commencement  of  the  wind,  owing  to  the 
adjustment  of  balance  produced  as  one  rope  is  wound  on 
and  the  other  rope  is  wound  off,  the  speed  can  only  be  maintain- 
ed constant  by  the  driver  continually  adjusting  the  position  of 
the  control  lever  and  the  winder  cannot,  as  in  the  case  of  the 
Ward  Leonard  system,  be  left  alone  to  maintain  the  speed  at 
which  it  has  once  been  set. 

These  slow  speeds  involve  a  very  considerable  waste  of 
power  in  the  controlling  resistances  and  may  require  that 
additional  large  controlling  resistances  should  be  installed  in 
order  that  slow  speed  runs  may  be  made,  and  if  such  slow  speed 
runs  are  frequently  made  they  will  materially  reduce  the  overall 
economy  of  the  three-phase  winder. 

Winding  Engines  w^ith  Three-Phase  Com.mltator  Motors 

As  a  number  of  winding  engines  have  been  equipped  with 
three-phase  commutator  motors,  the  following  brief  account  of 
this  system  may  be  of  interest. 

Characteristics  of  the   Three-Phase   Commutator   Motor 

The  three-phase  commutator  motor  has  somewhat  similar 
characteristics  to  those  of  a  direct  current  series  motor,  i.e.   it 
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<lovclo|)s  a  lar^i"  luriiiii^'  momonl  al  I  lie  inoiiiciil  ot*  slaiiin<;', 
and  as  the  load  decreases  the  speed  rises  iiiilil  at  no  load  the 
motor  will  attain  a  dani^erous  si)eed  uiiiess  it  is  properly  con- 
trolled. 

The  motor  has  a  large  overload  capacity  and  does  not  stop 
even  under  very  heavy  overloads  but  only  slows  down.  The 
speed  of  a  three-phase  commutator  motor  can  be  closely 
regulated,  within  wide  limits,  by  shifting  the  brushes  on  the 
commutator,  and  the  efficiency  and  the  power  factor  are  high 
throughout  the  whole  range  of  speed  regulation. 

A  mechanical  device  can  be  fitted  to  the  motor  which  by 
shifting  the  brushes  prevents  the  speed  rising  above  a  deter- 
mined value,  however  small  the  load  may  be. 

A  powerful  and  easily  regulated  braking  effect  can  be  ob- 
tained electrically  by  moving  the  Inrushes  back  through  the 
neutral  position,  and  when  braking  in  this  manner,  especially 
w^hen  lowering  loads,  the  motor  acts  as  a  generator  and  will 
return  about  70%  of  the  mechanical  energy  to  the  line  as  electri- 
cal energy.  The  direction  of  the  rotation  of  the  motor  can  be 
reversed  by  moving  the  brushes  to  the  other  side  of  the  neutral 
position,  but  it  is  desirable  at  the  same  time  to  reverse  the  stator 
current  in  order  to  prevent  sparking  at  the  commutator.  The 
stator  can  be  constructed  for  any  reasonable  line  voltage,  but 
as  the  commutator  can  only  be  made  for  comparatively  low 
voltages,  it  is  usually  necessary  to  install  a  transformer  between 
the  stator  and  the  commutator. 

There  are  constructional  reasons  which  make  it  difficult  to 
build  very  slow  speed  three-phase  commutator  motors,  so  that 
such  a  commutator  motor  is  usually  geared  to  the  winding 
engine. 

The  arrangement  of  a  winder  with  a  three-phase  com- 
mutator motor  is  very  simple.  The  winder  is  controlled  by  a 
single  lever  which  shifts  the  brushes  on  the  commutator  and 
operates  the  changeover  switch. 

The  commutator  motor  shares  with  the  three-phase  induc- 
tion motor  the  disadvantage  that  for  a  definite  position  of  the 
control  lever  its  speed  depends  on  the  load  in  the  cage,  conse- 
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quently,  the  safety  devices  employed  with  such  a  motor  are 
very  similar  to  those  used  with  a  three-phase  induction  motor, 
and  protection  is  afforded  by  the  release  of  the  emergency  brake 
and  the  interruption  of  the  supplycircuit  in  case  the  motor  or 
winder  is  overloaded,  or  in  any  other  contingency. 

The  three-phase  commutator  motor  possesses  the  great 
advantage  over  the  induction  motor  that  its  power  factor  at 
full  load  is  about  unity  and  the  power  factor  maintains  its 
high  value  practically  for  the  whole  range  of  speed  regulation, 
so  that  the  conditions  for  the  electrical  supply  circuit  are  very 
favourable. 

The  actual  full  load  efficiency  of  the  three-phase  commuta- 
tor motor  is  about  5%  less  than  that  of  the  corresponding  in- 
duction motor,  but  the  commutator  motor  can  be  started  and 
its  speed  can  be  regulated  without  loss  of  power,  and  during 
braking  periods  or  periods  of  lowering  a  load,  70%  of  the 
mechanical  energy  can  be  returned  to  the  supply  system  as 
electrical  energy,  so  that  the  total  efficiency  of  a  winder  driven 
by  a  three-phase  commutator  motor  can  be  better  than  that 
of  a  corresponding  winder  driven  by  a  three-phase  induction 
motor. 

As  a  winder  driven  by  a  three-phase  commutator  motor  can 
be  started  without  loss  of  power,  the  power  taken  by  such  a 
motor  rises  gradually  from  the  moment  of  starting  to  the  end 
of  the  acceleration  period,  so  that  there  is  sufficient  time  to 
enable  the  generators  in  the  power  house  to  follow  the  load 
fluctuations.  Such  winders,  therefore,  can  conveniently  be 
supplied  with  current  from  comparatively  small  power  stations 
provided  that  the  generating  sets  are  fitted  with  modern  voltage 
regulators. 

The  capital  cost  of  a  winder  provided  with  a  three-phase 
commutator  motor  is  higher  than  that  of  a  winder  provided 
with  a  three-phase  induction  motor. 

The  following  are  some  particulars  of  the  largest  winders 
fitted  with  a  three-phase  commutator  motor  which  have  come 
to  the  authors'  knowledge: — 

Depth  of  wind 1,650  feet. 

Weight  of  load 7,000  lbs. 

Maximum  winding  speed 1,575  feet  per  minute. 

Ontnnt 94  tons  Der  hour. 
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This  wiiuliiiii;  onjiiiu'  is  (li-i\(Mi  hy  two  .'510  lior.sc  [)0\ver  three- 
phase  coniinuljitor  uiolois,  h;i\iii<;  a  synchronous  speed  of  .'300 
revohilions   and   a    niaxiinuni   s|)eed  of   :>70  revohitions.     This 
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Fig.     31 — Typical  power  diagram  for  hoist  driven  by  three-phase  commutator 
motor 

winding  engine  is  suppHed  from  a  three-phase,  25  cycle,  500 
volt  circuit.  The  authors  have  not  any  data  available  regard- 
ing the  power  consumption  of  this  winding  engine.     A  smaller 
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winding  engine  driven  by  a  three-phase  commutator  motor  gives 
an  average  power  consumption  of  1.4  kilowatt  hours  per  shaft 
horse  power,  which  compares  very  favourably  with  other 
electrical     systems     of     winding. 

Choice  of  Drum  for  Steam  or  Electrical  Drive. 

The  conditions  governing  the  selection  of  the  type  of  drum 
differ  very  considerablj%  according  to  whether  the  winder  is 
to  be  driven  electrically  or  by  a  steam  engine,  and  it  is,  there- 
fore, very  desirable  to  discuss  this  question  in  a  paper  on 
electrical  driving. 

It  is  characteristic  of  the  steam  engine  that  its  overload 
capacity  is  not  very  great  and  that  the  turning  moment  varies 
according  to  the  position  of  the  cranks.  For  a  two  cylinder 
engine  with  cranks  at  right  angles,  such  as  is  usually  used  for  a 
steam  winder,  the  minimum  turning  moment  is  .785  of  the  mean 
turning  moment,  and  the  maximum  turning  moment  is  1.112. 
.  The  engine  naturally  must  be  able  to  start  the  hoist  with 
the  cranks  in  any  position,  so  that  the  minimum  turning 
moment  must  be  at  least  sufficient  to  overcome  the  static  load 
and  friction. 

An  electric  motor,  on  the  contrary,  has  a  very  large  over- 
load capacity  in  proportion  to  the  mean  power  which  it  will 
give,  and,  consequently,  the  motor  for  winding  engines  is  usually 
selected  with  reference  to  the  equivalent  continuous  load,  and 
it  is  very  rarely  indeed  that  the  starting  moment  or  acceleration 
peak  needs  to  be  considered. 

Cylindrical  and  Conical  Drums 

The  first  type  of  drum  to  be  employed  for  winding  engines 
was  the  cylindrical  drum,  but  later  the  conical  drum  was  intro- 
duced. In  some  cases  the  latter  gives  easier  starting  conditions 
and  is  beneficial  to  the  steam  engine,  because  the  rope  support- 
ing the  cage  at  the  bank  top  is  wound  off  the  greatest  diameter, 
while  the  rope  attached  to  the  loaded  cage  at  the  pit  bottom  is 
wound  on  to  the  least  diameter,  so  that  the  empty  cage  partially 
balances  the  rope  and  the  loaded  cage  at  the  start  of  the  wind. 

To  illustrate  the  relative  advantages  of  the  cylindrical 
and  the  conical  drum  for  the  electrical  or  the  steam  drive  at 
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varu)iis  spmls,  Fiji;s.  ;{4,  ,S5,  '.Hi,  ,'J7,  3S  and  .'>!)  liuve  been  worked 
out,  while  Fi^.  -tO  is  worked  out  for  a  scroll  drum,  and  Fig.  42 
for  a  Koepe  pulley,  under  the  same  conditions  as  are  illustrated 
in  Figs.  3G  and  37.  These  diagrams  are  worked  out  for  the 
following  conditions: — 

Nett  load 9,000  lbs. 

Weight  of  empty  cage  and  cars  .  12,000  lbs. 

Depth 1,000-ft. 

Diameter  of  rope 1/^". 

Diameter  of  rope  sheaves 16-ft. 

Lead 250-ft.  approximately. 

Cylindrical  drum 9-ft.  diameter. 

Conical  drum 9-ft.  to  14-ft.  diameter. 

With  cylindrical  drum  and 
empty  cage  at  the  bank, 
unbalanced  load 16,800  lbs. 

With  conical  drum  and  empty 
cage  at  the  bank,  unbal- 
anced load 10,000  lbs. 

Figs.  34  and  35  are  drawn  for  an  output  of  135  tons  per 
hour.  Fig.  34  represents  the  cylindrical  drum  where  the 
maximum  winding  speed  is  20  feet  per  second.  Fig.  35  repre- 
sents  the  conical  drum  with  an  equivalent  winding  speed. 
If  the  cylindrical  drum  in  Fig.  34  is  driven  by  a  steam  engine  the 
horse  power  equivalent  to  the  starting  torque  would  be  678,. 
and  this  starting  torque  has  to  be  developed  in  the  worst 
position  of  the  cranks.  The  horse  power  equivalent  to  the 
corresponding  average  turning  moment  would  be  865,  which 
gives  an  ample  turning  moment  for  acceleration,  and  the  maxi- 
mum speed  of  the  engine  would  be  42  r.p.m. 

In  the  case  of  the  conical  drum  the  horse  power  equivalent 
to  the  starting  turning  moment  would  be  350,  and  to  the  average 
turning  moment  445.  This  horse  power,  however,  is  not 
sufficient  to  provide  for  the  acceleration  turning  moment,  so  that 
an  engine  having  a  maximum  horse  power  of  481  would  be 
required,  running  at  a  maximum  speed  of  33  r.p.m. 
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Thus,  for  the  cylindrical  drum,  an  865  horse  power  engine 
running  at  42  r.p.m.  is  required,  and  for  the  conical  drum  a  481 
horse  power  engine  at  33  r.p.m.  is  required,  so  that  for  the 
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Fig.     .34 — Power  diagram   for   cylindrical    drum    winder,    winding  speed,    20 
feet  per  second. 

Fig.     35 — Power  diagram  for  conical   drum   winder,   winding  speed,   20  feet 
per  second. 

cylindrical  drum  an  engine  giving  20.6  brake  horse  power  per 
revolution  is  necessary  and  for  the  conical  drum,  an  engine, 
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giving"  14.().      'I'lic  use  ol'  the  conical  druin,  llicrcl'orc,  deniands 
a  niucli  smaller  steam  engine. 

If  llic  winder  is  (lri\-en  elecliically  u  378  horse  power  motor 
at  4'2  r.p.m.  wonld  l)e  reciuircd  with  Ihe  cylindrical  drum,  and  a 
^290  horse  j)ower  motor  at  33  r.]).ni.  for  the  conical  drum.  If 
the  liorse  power  per  revolution  be  worked  out,  it  will  he  seen 
that  these  motors  are  of  approximately  the  same  size. 

In  this  case,  therefore,  it  would  be  of  advantage  to  employ  a 
conical  drum  for  a  steam  winder,  but  for  the  electrical  winder, 
so  far  as  capital  cost  is  concerned,  it  would  be  distinctly  dis- 
advantageous, because  there  is  no  saving  effected  with  the 
electrical  plant  and  the  winding  engine  with  conical  drums  is 
considerably  more  expensive  than  that  wath  cylindrical.  The 
maximum  power,  however,  taken  from  the  supply  system,  is 
reduced  nearly  30%. 

It  should  be  remarked,  however,  that  these  two  diagrams 
were  worked  out  to  show  the  advantages  of  the  conical  drum 
with  a  steam  engine  in  this  particular  case,  but  for  the  electrical 
drive  a  diagram  can  be  worked  out  with  a  cylindrical  drum,  to 
give  the  same  output  and  to  take  a  considerably  smaller  motor. 

The  diameter  of  the  drum  is  usually  fixed  at  not  less  than 
60  times  the  diameter  of  the  rope,  so  that,  given  the  depth  of 
the  wind,  the  length  of  the  drum,  either  cylindrical  or  conical, 
necessary  to  carry  the  rope  is  at  once  fixed.  Where  cylindrical 
drums  are  employed  the  travel  of  the  two  ropes  on  the  drum 
can  overlap  (except  in  cases  where  the  head  sheaves  are  far 
apart,  and  the  drum  cannot  be  placed  sufficiently  far  back), 
so  that  the  cylindrical  drum  for  two  ropes  is  not  very  much 
longer  than  that  required  by  the  travel  of  one  rope. 

Where  conical  drums  are  employed  the  minimum  diameter 
cannot  safely  be  reduced  and  consequently  the  drum  must  be 
made  with  a  larger  average  diameter,  and  although  the  length 
of  drum  occupied  l)y  each  rope  is  actually  less  than  with  a 
cylindrical  drum,  yet  the  turns  of  the  rope  cannot  lie  close 
together,  and  a  space  of  at  least  3<4-iiich  between  each  turn 
must  be  allowed.  In  addition,  the  cone  paths  for  the  two  ropes 
must  be  quite  distinct,  as  with  conical  drums  the  travel  of  the 
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two  ropes  cannot  overlap,  and  therefore  the  conical  drum  is 
much  longer  than  the  equivalent  cylindrical  drum.  As,  there- 
fore, both  the  diameter  and  the  length  of  a  conical  drum  are 
greater  than  those  of  the  equivalent  cylindrical  drum,  its 
moment  of  inertia  is  much  greater.  In  the  case  illustrated  in 
Figs.  34  and  35,  the  moment  of  inertia  of  the  conical  drum  is 
more  than  4  times  as  great  as  that  of  the  cylindrical  drum,  and 
as  considerably  more  power  is  required  to  accelerate  the  conical 
drum,  it  may  easily  happen  that  all  the  advantage  of  the  conical 
drum  is  lost  for  this  reason. 

Figs.  36  and  37  are  worked  out  for  an  output  of  270  tons 
per  hour.  Fig.  36  shows  the  case  of  the  cylindrical  drum  where 
the  maximum  speed  of  winding  is  40-feet  per  second,  and  Fig. 
37,  that  of  the  conical  drum  with  an  equivalent  speed.  An 
inspection  will  show  that  in  these  cases  the  size  of  the  steam 
engine  is  determined  by  the  turning  moment  corresponding 
to  the  acceleration  peak.  For  the  cylindrical  drum  a  steam 
engine  capable  of  giving  2,035  horse  power  at  84  revolutions  will 
be  required,  and  for  the  conical  drum  a  steam  engine  capable 
of  giving  1,690  horse  power  at  66  revolutions  will  be  required, 
i.e.,  a  slightly  larger  steam  engine  will  be  recjuired  for  the  conical 
drum.  It  should  be  noted-,  however,  that  in  the  case  of  the 
cylindrical  drum  if  constant  acceleration  is  not  assumed,  it 
would  be  possible  to  reduce  the  maximum  horse  power  of  the 
steam  engine  from  2,035  to  1,950. 

Should  the  electrical  drive  be  adopted,  a  1,090  horse  power 
motor  at  84  revolutions  would  be  required  for  the  cylindrical 
drum,  and  a  965  horse  power  motor  at  66  revolutions  for  the 
conical  drum,  so  that  a  larger  motor  is  recjuired  for  the  conical 
drum. 

In  this  particular  case,  if  the  Ward  Leonard  system  is  to  be 
employed,  the  effect  of  using  a  conical  drum  would  be  to  increase 
the  size  of  the  winding  motor  by  12%,  but  to  decrease  the  size 
of  the  motor-generator  set  by  llj^%,  the  net  result  of  this  being 
that  the  cost  of  the  electrical  equipment  would  be  the  same,  and 
the  cost  of  the  winding  engine  would  be  greatly  increased.  The 
adoption  of  the  conical  drum  would  diminish  the  maximum 
acceleration  peak  by  about  10%. 
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ir  [\\c  Ilgner  system  is  to  be  employed  it  will  be  found  that 
the  use  of  the  conical  drum  enables  a  very  slight  reduction  in 
the  capacity  of  the  flywheel  to  be  made,  but  this  reduction  is 


Fig.     36 — Power   diagram   for   cylindrical   drum   winder,    winding   speed,    40" 

feet  per  second. 
Fig.     37 — Power  diagram  for  conical  drum  winder,   winding  speed,  40  feet 

per  second. 

SO  slight  that  there  is  no  advantage  in  employing  this  drum,  as  it 
will  only  increase  the  capital  cost  of  the  winding  engine. 
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If,  however,  the  winding  engine  is  to  be  driven  by  a  three- 
phase  motor  the  use  of  a  conical  drum  would  increase  the  motor 
in  si7,e  by  1^2%.  Consct(ucntly,  the  total  cost  of  the  winder  is 
considerably  increased,  but,  on  the  other  hand,  the  average 
power  wasted  in  the  starter  is  reduced  from  325  horse  power  to 
260  horse  power,  which  means  that  a  saving  of  65  horse  power 
minutes  per  wind  is  eflFected.  Taking  the  cost  of  power  at  1 
cent  per  K.W.  hour  this  represents  a  saving  of  65  cents  per 
hour,  or  about  $2,000.00  per  year. 

Figs.  38  and  39  arc  worked  out  for  an  output  of  337.5 
tons  per  hour.     Fig.  38  shows  the  case  of  a  cylindrical  drum 

where  the  maximum  winding  speed  is  50-feet  per  second,  while 
Fig.  39  shows  the  case  of  a  conical  drum  with  an  equivalent 
winding  speed. 

It  is  easily  seen  that  if  a  steam  engine  is  used  to  drive  this 
winder,  a  larger  engine  will  be  required  for  the  conical  drum 
than  for  the  cylindrical.  In  the  case  of  the  electrical  drive  a 
1,490  horse  power  motor  at  a  maximum  speed  of  105  revolutions 
would  be  required  with  the  cylindrical  drum,  and  1,390  horse 
power  motor  at  a  maximum  speed  of  83  revolutions  for  the  coni- 
cal drum. 

It  will  thus  be  seen  that  if  the  Ward  Leonard  system  is  used 
the  efiect  of  the  conical  drum  will  be  to  increase  the  size  of  the 
winding  motor  by  18%,  and  to  reduce  the  size  of  the  con- 
verter set  by  about  7%,  so  that  with  the  Ward  Leonard  system 
or  the  Ilgner  system  it  is  a  distinct  disadvantage  to  use  a  conical 
drum  for  this  high  speed  winder. 

If  a  three-phase  motor  were  used  to  drive  this  winder  the 
provision  of  a  conical  drum  would  increase  the  size  of  the  motor 
18%,  but  would  reduce  the  average  power  lost  in  the  starter  from 
620  horse  power  lo  566  horse  power. 

Cylindroconical  or   Scroll  Drum 

Fig.  40  is  a  power  diagram  for  a  winder  provided  with  a 
cylindroconical  drum  worked  under  the  same  conditions  as 
those  assumed  in  working  out  Figs.  36  and  37. 
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The  cylindroconical  drum  is  a  drum  which  has  a  cylindrical 
portion  of  large  diameter  at  the  middle  of  its  length.     At  each 
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Fig.     38 — Power   diagram   for   cylindrical   drum   winder,    winding   speed,    50 

feet  per  second. 
Fig.     39 — Power  diagram  for  conical  drum  winder,  winding  speed,   50  feet 

per  second. 

end  of  this  large  cylinder  there  is  a  short  cone  reducing  the 
diameter  of  the  drum,  and  the  remainder  of  the  drum  at  each 
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oiul  coiisisls  of  a  short  cyliiidiical  |)oiii()ii  of  small  (liamcter. 
In  c'onunoncing  a  wind  llio  rope  lioislin<;-  the  loaded  cage  from 
the  bottom  of  the  pit  is  wound  on  to  one  of  the  small  cylindrical 
portions,  while  the  rope  lowering  the  empty  cage  is  wound  ofT 
the  large  cylindrical  portion.  .Such  winders  arc  usually  pro- 
portioned so  that  the  drum  reaches  full  sjjced  while  the  rope 
from  the  loaded  cage  is  still  being  wound  on  to  the  smallest 
diameter,  l)ut  at  this  [)oint  the  loaded  cage  has  not  reached  full 
speed,  although  the  empty  cage  has,  and  the  loaded  cage  does 
not  reach  full  speed  until  the  rope  has  reached  the  top  of  the 
cone.  The  greater  portion  of  the  run  is  made  with  the  ropes 
on  the  large  diameter.  Towards  the  end  of  the  run  the  rope 
lowering  the  empty  cage  runs  down  the  cone  at  the  other  end 
of  the  drum,  decelerating  the  cage,  and  when  this  rope  has 
reached  the  small  diameter  cylinder,  the  drum  is  then  deceler- 
ated. 

It  will  be  seen  that  on  the  large  diameter  cylindrical  portion 
of  the  drum  the  travel  of  the  two  ropes  can  overlap,  and  they 
are  always  designed  to  do  so  unless  the  head  sheaves  are  too 
far  apart  to  permit  of  this. 

The  possibility  of  overlapping  the  travel  of  the  ropes  with  a 
scroll  drum  enables  a  scroll  drum  to  be  constructed  of  shorter 
length  than  the  corresponding  conical  drum,  and  it  may  easily 
be  even  shorter  than  the  corresponding  cylindrical  drum. 
It  will  be  found  also  that  the  moment  of  inertia  of  a  scroll  drum 
is  less  than  that  of  the  corresponding  conical  drum,  but  greater 
than  that  of  the  cylindrical  drum,  and  in  the  case  illustrated 
in  Fig.  40  the  stored  energy  of  the  scroll  drum  is  about  two- 
thirds  that  of  the  conical  drum  illustrated  in  Fig.  37,  which 
produces  a  marked  reduction  in  the  acceleration  peak. 

In  the  case  illustrated  in  Fig.  40  the  small  cylindrical 
portions  at  each  end  of  the  scroll  drum  are  9  feet  in  diameter, 
and  each  carry  six  turns  of  the  rope.  The  conical  or  scroll 
portions  increase  in  diameter  from  9  feet  to  13  feet,  and  each 
carry  five  turns  of  rope.  The  large  cylindrical  portion  is  13 
feet  in  diameter  and  carries  thirty-one  turns  of  rope. 

In  Fig.  40  line  AB  represents  the  constant  acceleration  of 
the  drum,  the  descending  cage  and  rope  to  full  speed,  and  the 
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partial  acceleration  of  the  ascending  cage  and  rope,  while  this 
latter  rope  is  being  wound  on  to  one  small  cylindrical  portion 
of  the  drum.  The  line  BC  shows  the  drop  in  power  correspond- 
ing to  the  completion  of  the  acceleration  of  the  drum  and  the 
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Fig.     40 — Power   diagram   for   scroll    drum    winder,    winding   speed,    40   feet 
per  second. 

descending  cage.  The  line  CD  shows  the  continuation  of  the 
acceleration  of  the  ascending  cage  and  rope  as  this  rope  is  being 
wound  on  one  of  the  scroll  portions  of  the  drum. 


Fi.c;.  32 — Three  phase  foninmtator  motor  driven  winder  at  the  Bartensleben 
Fit,  Germany  When  sinking  is  completed,  a  second  motor  will 
be  added,  when  a  nett  load  of  S.'i  tons  per  wind  will  be  wound 
from  1,600  feet.  Each  motor  is  310  horse-power,  synchronous 
speed,  300  r.p.m.  Maximum  speed,  370  r.p.m.  Maximum  winding 
speed,  1,,575  feet  per  minute. 


Fig.  33 — Ward  Leonard  conical  dru  n  winder  at  the  General  Mining  & 
Finance  Corporation  Rand  GoUieries,  Transvaal  Depth  of 
shaft,  3,16,5  feet.  Nett  load  per  wind,  5}/2  tons.  Maximum 
winding  specfl,  3,300  feet  per  minute.      Motor,  2,4.50  horse-power. 


Fig.  41 — Koepe  Pulley  llgner  winder  at  the  Emscher-Lippe  Pit.  Depth  of 
shaft,  3,000  feet.  Nett  load  per  wind,  6  tons.  Maximum  winding 
speed,  3,950  feet  per  minute. 
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The  line  DE  shows  the  fall  in  power  at  the  completion  of 
the  acceleration  of  the  ascending  cage  and  rope.  The  line  EF 
shows  the  power  taken  by  the  fnll  speed  run  of  both  cages, 
and  this  power  gradually  decreases  as  the  descending  rope 
lengthens  and  the  ascending  rope  shortens,  so  that  the  descend- 
ing rope  gradually  balances  a  greater  portion  of  the  ascending 
load. 

The  line  FG  shows  the  decrease  in  power,  corresponding  to 
the  deceleration  of  the  empty  cage,  as  its  rope  commences  to 
run  down  the  scroll. 

The  line  GH  shows  the  gradual  increase  in  power  as  the 
rope  to  the  empty  cage  runs  down  the  scroll,  and  therefore 
balances  the  ascending  load  to  a  less  extent. 

The  line  HI  shows  the  fall  in  power  at  the  commencement 
of  the  deceleration  of  the  drum,  the  ascending  cage  and  the  rope 
and  the  line  IJ  shows  the  gradual  fall  in  power  during  the 
deceleration  period. 

In  this  case  it  will  be  noticed  that  power  is  taken  by  the 
winding  motor  during  the  deceleration  period,  and  this  is  not 
a  case  where  electrical  braking  is  necessary. 

If  a  steam  engine  were  used  to  drive  this  scroll  drum  winder, 
an  engine  capable  of  giving  1,465  horse  power  at  a  maximum 
speed  of  62.7  revolutions  will  be  required,  and  this  is  a  smaller 
engine  than  would  be  required  for  the  conical  drum  of  Fig.  37, 
and  slightly  smaller  than  that  required  for  the  cylindrical 
drum  in  Fig.  36. 

If  this  winder  is  driven  electrically  a  780  horse  power  motor 
at  62.7  revolutions  would  be  required,  and  this  is  a  smaller 
motor  than  would  be  required  for  the  conical  drum  winder  of 
Fig.  37,  or  the  cylindrical  drum  winder  of  Fig.  36,  the  latter 
being  about  4%  smaller  than  that  required  for  the  cylindrical 
drum  winder. 

If  this  winder  is  driven  on  the  Ward  Leonard  system,  the 
size  of  the  motor-generator  set  can  be  reduced  by  30%,  and  if 
it  is  driven  on  the  Ilgner  system,  the  same  reduction  can  be 
made  in  the  motor-generator  set,  and  the  weight  of  the  flywheel 
can  be  reduced  about  13%. 
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The  capital  cost  of  the  mechanical  parts  of  the  scroll  drum 
winder  is,  of  course,  more  than  the  cost  of  that  for  a  cylindrical 
winder,  but  it  is  not  so  great  as  that  of  the  mechanical  parts  of  a 
conical  drum  winder,  and  if  this  winder  is  to  be  driven  on  either 
the  ^Yard  Leonard  or  the  Ilgner  system,  it  is  probable  that  the 
scroll  drum  winder  represents  one  of  the  cheapest  combinations 
in  capital  cost  that  can  be  put  in  to  do  the  work. 

Should  this  winder  be  driven  on  the  Ward  Leonard  system 
it  should  be  pointed  out  that  the  maximum  peak  in  power 
which  it  requires  is  25%  less  than  that  required  with  the 
cylindrical  drum  winder. 

If  a  three-phase  motor  is  used  for  driving  this  winder,  the 
size  of  the  motor  is  slightly  less  than  that  which  would  be  re- 
quired for  the  cylindrical  drum  winder,  but  the  waste  of  power  is 
very  much  less,  the  average  waste  being  170  horse  power 
continuously  as  compared  with  260  horse  power  for  the  conical 
drum  winder,  and  325  horse  power  for  the  cylindrical  drum 
winder. 

Koepe  Pulley    Winder 

This  type  of  winder  is  used  to  a  considerable  extent  in 
Europe,  particularly  in  Germany.  It  differs  from  any  other 
type,  as  the  rope  is  not  wound  on  to  and  off  drums  but  is  carried 
over  the  pulley  and  makes  contact  with  it  for  less  than  a  single 
turn.  Thus  the  rope  from  the  ascending  cage  comes  up  the 
shaft  over  the  driving  pulley  of  the  winder,  and  then  down  to 
the  descending  cage,  being  suitably  guided  by  head  sheaves. 

It  will  thus  be  seen  that  the  winding  rope  is  driven  by  fric- 
tion alone,  and,  consequently,  there  must  be  a  very  definite 
limit  between  the  pull  in  the  ascending  rope  and  the  pull  of 
the  descending  rope,  otherwise  the  rope  will  slip  on  the  pulley, 
and,  to  keep  the  difference  in  pull  of  the  two  sides  of  the  rope  as 
small  as  possible,  a  balance  rope  is  always  necessary. 

It  should  be  noted  that  such  a  winder  cannot  work  with  a 
very  high  acceleration,  otherwise  slipping  of  the  rope  will 
take  place.  As  the  rope  is  bound  to  creep  on  the  pulley  to  a 
certain  extent,  the  depth  indicator  must  frequently  be  reset  to 
ensure  its  accuracy. 
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As  willi  a  Koi'po  piilloy  winder  llic  axial  loii^Mli  of  the  pulley 
is  very  short  iiRJecd  coinparod  with  that  oi"  a  drum  on  which  the 
rope  has  to  be  wound,  and  as  the  weight  of  the  winding  drum 
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42 — Power  diagram  for  Koepe  pulley  winder  for  output  of  270  tons  per 
hour. 


is  not  increased  by  the  rope  which  it  is  carrying,  the  moment 
of  inertia  of  the  revolving  parts  of  a  Koepe  pulley  winder  is 
small,   and  this,   together  with  the  use  of  the  balance  rope, 
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keeps   the    maximum    acceleration   peak   comparatively    small 
compared  with  that  of  other  tj^pes  of  winder. 

For  purposes  of  comparison,  Fig.  42  has  been  drawn  for  an 
output  of  270  tons  per  hour,  and  may  be  compared  with  Fig.  36 
showing  a  cylindrical  drum,  Fig.  37  showing  a  conical  drum, 
and  Fig.  40  showing  a  scroll  drum. 

In  this  case,  however,  the  time  of  acceleration  has  had  to 
be  increased  from  twelve  to  twenty-two  seconds,  so  that  the 
acceleration  should  not  be  so  great  as  to  cause  the  rope  to  slip 
on  the  drum,  and  to  enable  the  output  to  be  obtained  with 
this  slower  acceleration  the  maximum  speed  has  had  to  be 
increased  from  40  to  46  feet  per  second. 

In  European  practice  the  diameter  of  a  Koepe  pulley  is 
usually  taken  as  100  times  that  of  the  rope  but  for  purposes  of 
comparison  with  the  other  cases  a  9-foot  pulley  has  been  con- 
sidered, which  is  66  times  the  diameter  of  the  rope. 

A  935  horse  power  motor  running  at  maximum  speed  of  97 
revolutions  will  be  suitable  for  driving  this  winder,  and  com- 
paring this  with  the  motor  required  for  the  cylindrical  drum  in 
Fig.  36,  it  will  be  seen  that  the  Koepe  pulley  winder  can  be 
driven  with  a  25%  smaller  motor. 

If  it  should  be  driven  by  the  Ward  Leonard  system,  the 
motor-generator  set  would  be  14%  smaller,  and  if  it  should  be 
driven  on  the  Ilgner  system,  the  motor-generator  set  will  be 
similarly  reduced,  and  the  weight  of  the  flywheel  can  be  reduced 
about  12%. 

As  the  cost  of  the  mechanical  parts  of  the  Koepe  pulley 
winder  is  not  great  this  will  be  the  cheapest  form  of  winder  for 
doing  the  work,  and  as  the  maximum  power  required  at  the 
end  of  the  acceleration  period  is  1,276  horse  power,  or  over 
30%  less  than  the  maximum  horse  power  in  the  case  of  a 
cylindrical  drum  winder,  it  w^ll,  if  driven  on  the  Ward  Leonard 
system,  make  the  least  severe  demand  on  the  source  of  elec- 
trical supply. 

If  the  winder  should  be  driven  by  a  three-phase  motor, 
it  will  be  seen  that  while  the  small  moment  of  inertia  of  the 
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moving  |)iU'ls  keeps  down  the  ivceeleralioii  ])e{ik  and  so  tends  to 
deerease  the  waste  ol"  power  in  tlie  controlling  resistances,  the 
fact  that  a  long  time  of  acceleration  has  to  be  allowed  may  in- 
crease these  losses.  In  the  i)resent  case  losses  in  tlie  controlling 
resistance  eorres})ond  to  a  continnous  loss  of  241  horse  power,  as 
compared  with  'Vi5  in  the  case  of  a  three-phase  motor  driving 
a  cylindrical  drum  winder,  and  170  in  the  case  of  a  three-i)hase 
motor  driving  the  scroll  winder. 

Generally  speaking,  the  Koepe  pidley  winder  shows  to  the 
greatest  advantage  with  decf)  shafts  as  it  avoids  the  use  of 
excessively  long  drums,  and,  from  the  electrical  point  of  view, 
where  the  winding  speed  is  not  very  high  and  where  the  accelera- 
tion period  is  short  compared  with  the  total  time  of  winding. 
It  has  the  disadvantage  that  if  the  rope  breaks,  both  cages  are 
detached  from  the  winder. 

General  Conclusions   Concerning   Winding 

Generally  speaking,  the  authors  are  of  opinion  that  the 
Ward  Leonard  or  Ilgner  system  of  electric  winding  is  the  most 
suitable  for  vertical  shafts,  and  for  all  cases  where  large  outputs 
are  required  and  short  and  frequent  winds  are  made. 

The  three-phase  winder  always  has  the  disadvantage  that 
it  cannot  be  so  completely  protected  against  careless  handling 
as  either  the  Ward  Leonard  or  the  Ilgner,  but  it  may  prove 
more  economical  for  long  slopes  where  the  full  speed  run  is  a  long 
■one  and  the  periods  of  acceleration  are  comparatively  infre- 
quent. 

Regarding  the  choice  of  drums  for  the  winding  engine,  the 
authors  are  of  opinion  that  in  many  cases  where  electrical  drive 
is  adopted,  the  cylindrical  drum  winder  will  prove  the  most 
suitable,  but  that  in  cases  of  deep  shafts  where  the  winding 
speed  is  high  the  scroll  drum  winder  may  prove  better  than  the 
cylindrical  drum  winder,  but  that  the  field  of  application  of 
the  conical  drum  winder  to  electric  winding  is  very  small. 

The  authors  have  purposely  avoided  any  comparison 
"between  the  running  costs  of  a  steam  and  an  electrically 
driven  hoist  or  rolling  mill,  because  each  case  should  be  con- 
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sidered  on  its  own  merits  and  comparisons  made  for  one  case 
will  not  be  valid  for  another  where  conditions  are  different. 
No  general  comparison  has  any  practical  value,  sometimes  the 
steam  engine  is  the  more  economical,  and  sometimes  the 
electrical  plant,  according  to  conditions,  and  in  deciding  which 
is  the  more  advantageous  there  are  other  factors  besides  run- 
ning costs  to  be  considered. 

As,  however,  the  authors  wish  to  see  a  fair  comparison 
made  in  every  case  they  should  draw  attention  to  a  very 
fallacious  method  sometimes  used  for  establishing  the  running 
cost  of  a  steam  engine,  namely,  either  indicating  the  engine  or 
measuring  the  water  rate  over  an  hour  or  two  w^hen  the  engine 
is  running  under  the  most  favourable  conditions,  and  establish- 
ing the  yearly  running  costs  from  these.  If  tests  are  carried 
out  over  a  prolonged  period,  say  several  months,  a  much  higher 
running  cost  will  be  obtained,  in  some  cases  half  as  much 
again,  as  the  standby  losses  of  a  steam  plant  are  very  con- 
siderable, much  higher  in  proportion  than  those  of  an  electrical 
plant. 

The  Electrical  Driving  of  Non-Reversing  Mills 

For  the  driving  of  a  non-reversing  mill,  that  is  to  say,  a 
two-high,  three-high,  or  double-two-high  mill,  a  flywheel  is 
nearly  always  used  in  conjunction  with  the  motor,  so  that  the 
flywheel  assists  the  motor  in  providing  large  powers  necessary 
during  the  passes,  when  a  bar  is  going  through  the  rolls,  thus 
enabling  a  smaller  motor  to  be  used  than  would  be  required 
if  no  flywheel  were  employed,  and  reducing  the  variation  in 
power  taken  from  the  supply  system. 

In  a  few  special  cases,  such  as  those  of  a  tyre  mill,  a  wire 
mill  and  of  some  continuous  finishing  mills  w^iere  the  power  may 
remain  at  a  steady  value  for  a  minute  or  so,  there  is  little 
advantage  in  employing  a  flywheel  and  it  is  usually  omitted. 

The  motor  and  flywheel  may  be  either  direct  coupled  to  the 
mill  pinions,  or  the  flyw^heel  may  be  coupled  to  the  mill  pinions 
and  a  high  speed  motor  provided  which  drives  the  flywheel  shaft 
through  a  gear,  rope  or  belt  drive,  and  in  the  case  of  a  rope  or 
belt  drive,  the  flywheel  itself  is  often  made  the  large  pulley. 
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TluMv  are  such  ^rvni  a(lvantjif;es  in  driving;  a  mill  by  a  direct 
coupliHl  motor  and  llywlu'ol,  that  this  method  has  been  adopted 
in  a  great  many  instances,  and  it  may  be  shown  that  even 
for  a  sheet  mill  running  at  so  slow  a  speed  as  28  to  30  r.p.m., 
there  are  very  great  advantages  in  employing  a  direct  coupled 
motor  and  flywheel  in  spite  of  the  high  capital  cost,  which  has 
led  to  this  direct  coupled  drive  being  adopted  for  a  number  of 
sheet  and  tin-plate  mills. 

Where  a  high-speed  motor  is  installed,  the  flywheel  should 
always  be  coupled  to  the  mill  pinions,  for  it  is  a  bad  practice 
to  install  a  high  speed  flywheel  coupled  to  the  shaft  of  the  high 
speed  motor,  because  the  stresses  due  to  the  power  given  up 
by  the  flywheel  are  undeterminate,  as  these  depend  on  the 
rate  of  deceleration  of  the  flywheel,  and  if  these  stresses  had 
to  be  transmitted  through  gears,  ropes  or  belts,  they  either  have 
to  be  designed  with  a  very  large  margin  of  safety,  or  else  they 
are  liable  to  be  unduly  stressed  and  suffer  damage.  It  is 
always  a  good  principle  to  couple  the  flywheel  to  the  mill 
pinions  in  as  direct  a  manner  as  is  possible. 

To  enable  the  flyw^heel  to  assist  the  motor  by  giving  up 
some  of  its  stored  kinetic  energy  so  as  to  provide  part  of  the 
power  required  during  the  passes,  provision  must  be  made  so 
that  the  motor  and  flywheel  fall  in  speed  as  the  power  required 
increases,  that  is  to  say,  the  motor  must  be  artificially  made  to' 
decrease  in  speed  to  a  considerably  greater  extent  than  it 
normally  would  with  an  increase  in  power.  This  artificial 
increase  of  the  fall  of  speed  can  be  obtained  by  either  of  two 
methods : — 

(1)  By  arranging  that  the  speed  shall  steadily  decrease 
as  the  power  given  by  the  motor  increases.  Where  the  mill 
motor  is  a  direct  current  motor,  this  is  done  by  providing  the 
motor  with  a  compound  winding,  which  causes  the  necessary 
fall  in  speed  without  loss  in  power. 

Where  a  three-phase  mill  motor  is  installed,  resistances 
must  be  inserted  in  the  rotor  circuit,  which  cause  a  definite 
loss  in  power  as  the  speed  decreases. 

(2)  By  arranging  that  the  speed  shall  commence  to 
decrease  after  the  motor  has  reached  a  predetermined  load. 
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This  is  done  by  introducing  some  electro-mechanically  operated 
device,  such  as  a  relay,  which  diminishes  the  resistance  in  the 
shunt  field  of  a  direct  current  mill  motor  when  a  predetermined 
load  is  reached,  or  a  relay,  which  in  the  case  of  a  three-phase 
motor,  increases  the  resistance  in  the  rotor  circuit. 

This  second  method  of  artificially  increasing  the  fall  in 
speed  or  slip  is  often  spoken  of  as  automatic  slip  regulation, 
but  the  term  'automatic'  is  a  misleading  one,  because  both 
methods  are  automatic,  and  it  would  be  more  correct  to  call 
the  first  method  'permanent  slip  regulation,'  and  the  second 
'intermittent  slip  regulation.' 

Permanent   Slip  Regulation 

Without  making  a  great  error,  it  may  be  said  that  the  fall 
in  speed  of  the  motor  varies  with  the  power  which  it  gives, 
and  as  the  power  which  is  given  by  the  flywheel  varies  as  the 
rate  of  change  in  speed,  and  the  power  which  the  motor  gives 
is  the  difference  between  the  power  required  by  the  pass  and 
that  given  by  the  flywheel,  it  will  be  seen  that  the  motor 
power  rises  during  a  period  of  heavy  load  and  falls  during  the 
period  of  light  load  according  to  a  logarithm  curve,  and  that 
these  curves  for  the  rise  and  fall  of  the  motor  power  are  very 
analogous  to  the  heating  and  cooling  curves  for  electrical  ma- 
chinery. The  power  of  the  motor,  however,  rises  to  practically 
its  full  value  in  a  few  seconds,  while  the  temperature  of  an 
electrical  machine  takes  a  number  of  hours  to  reach  its  full  value. 
This  reasoning  may  be  illustrated  by  mathematical  symbols  as 
follows : — 
Let 

P        =  power  required  to  drive  rolling  mill  during  a  pass 

when  a  bar  is  between  rolls. 
Kg-     =  full-load  power  of  motor. 

si    =  slip  of  motor  at  full  load. 

Vp  =  speed  of  motor  at  no  load. 

v    =  speed  at  which  motor  is  running  at  any  particular 
time. 

s     =  corresponding  slip. 

I     =  moment  of  inertia  of  flywheel. 
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Stored  iMiorgy  of  flywheel  =  — 

2 

supi)osing  speed  of  flywheel  is  reduced  from  Vo  to  v 

Stored  energy  given  up  = 

2 

-or—  -  (vo  +  v)  (vo-v); 

2 

(vo  —  v)  is  the  slip  s,  and  (vq  +v)  niay  be  put  equal  to  2v  with- 
out making  much  error. 

Stored  energy  given  up  by  the  flywheel  is — 

I  V  s; 

that  is,  the  stored  energy  which  has  been  given  up  is  pro- 
portionate to  the  slip.  The  sum  of  the  power  given  by  the 
motor  and  the  flywheel  must  be  equal  to  the  power  required  to 
drive  the  rolling  mill.  This  can  be  expressed  by  the  linear 
differential  equation — 

Ivil-j-Ks  =  P, 

h 
the  solution  of  which  is — 

_Kt 

Motor  power  Ks  =  P(l  -  e)     ^^ 

showing  that  the  motor  power  increases  according  to  a  logarithm 
curve. 

Similarly,  w^hen  the  bar  is  out  of  the  rolls,  the  motor  power 
is  equal  to  the  power  taken  to  speed  up  the  flywheel,  thereby 
restoring  its  stored  energy,  or — 

Iv— ^  +  Ks  =  o 

h 

the  solution  is — 

_Kt 

Motor  power  Ks  =  Pe      1^ 

showing  that  when  bar  is  out  of  the  rolls  the  motor  power 
decreases  also  according  to  a  logarithm  curve. 

The  friction  of  the  mill  has  been  left  out  of  these  calcula- 
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tions  for  the  sake  of  simplicity,  but  it  can  be  very  easily  taken 
account  of  in  drawing  the  curves  by  shifting  the  zero  line. 

The   expression -^expressing  the   relation  of  motor  power 
K 

to  flywheel  capacity  is  the    'time  constant*  in   this  case  and  is 

exactlj'  analogous  to  the    'time  constant'  in   the    case  of  the 

heating  or  cooling  of  electrical  machinery. 

The  value  of  the  time  constant  for  a, motor  and  flywheel, 
however,  does  not  usually  exceed  about  33  seconds.     The  valu-e 
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Fig.  43 — Curves  showing  variation  of  motor  power  and  speed  with  permanent 
slip  regulator  for  50,  25  and  liVo  ton  flywheels.  Pass,  5  seconds; 
interval,  5  seconds. 

of  the  time  constant  to  be  selected  naturally  depends  on  the 
type  of  mill.  In  a  sheet  mill  where  duration  of  the  passes  is 
very  short,  the  time  constant  need  not  be  so  big  as  in  the  case 
of  a  bar  mill,  where  the  finishing  passes  may  take  a  considerable 
time.  The  greatest  time  constants  are  found  in  the  case  of 
motor  and  flywheel  for  the  motor  generator  set  of  an  Ilgner 
electrically  driven  reversing  rolling  mill. 

Fig.  43,  which  is  drawn  for  a  theoretical  case,  where  each 
pass  takes  5  seconds  and  where  there  is  an  interval  of  5  seconds 
between  each  pass,  and  where  the  power  rec^uired  in  each  pass  is 
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o(iual,  servos  lo  illustrate  the  variation  in  the  motor  speed 
and  power,  but  in  any  practical  case,  tiie  time  of  duration  of 
the  passes  will  gradually  increase  as  the  bar  is  being  rolled  down, 
the  intervals  between  the  passes  will  depend  largely  on  the 
men  working  the  mill,  while  the  powers  retpiired  by  each  pass 
vary  considerably  so  that  in  practice  much  more  complicated 
curves  are  obtained. 

Fig.  44  illustrates  the  benefit  of  the  permanent  slip  regu- 
lator in  allowing  the  speed  of  the  flywheel  to  fall,  so  that  the 
variation  in  power  taken  from  the  supply  system  is  not  excessive. 
The  top  curve  shows  the  variation  in  power  where  the  perman- 
ent slip  regulator  is  disconnected  and  the  speed  remains  fairly 
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Fig.  44 — Test  results  showing  the  benefit  of  a  permanent  slip  regulator 
connected  to  a  sheet  mill  motor  for  reducing  the  fluctuations  of 
power. 

constant.  The  lower  curve  show\s  how  greatly  the  variation  in 
powder  is  reduced  when  the  slip  regulator  is  connected  in  circuit, 
so  that  the  speed  varies. 

In  rolling  mill  work  it  should  always  be  remembered  that 
the  power  required  by  the  mill  during  a  pass  increases  almost 
instantaneously  to  its  maximum  value  as  soon  as  the  bar 
enters  the  rolls  and  not  gradually  for  it  will  easily  be  seen  that 
as  soon  as  the  rolls  have  gripped  the  bar  the  full  power  needed 
for  rolling  the  bar  has  to  be  provided.  If  there  is  any  interval 
in  the  time  at  all  between  the  bar  being  gripped  by  the  rolls  and 
the  maximum  power  being  required,  this  could  only  be  due 
to  slogger  in  the  mill  spindles  and  pinions,  and  when  a  mill  is  in 
good  condition  the  amount  of  slogger  is  reduced  to  a  minimum. 
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If  the  rolling  mill  motor  is  only  provided  with  a  light 
flywheel  and  a  permanent  slip  regulator,  the  effect  will  be  that 
the  motor  has  to  give  practically  the  full  power  required  to  roll 
the  bar  towards  the  end  of  the  pass,  and  that  the  power  given 
by  the  motor  has  gradually  increased,  the  flywheel  having 
supplied  the  greater  part  of  the  power  during  the  early  part 
of  the  pass;  so  that  the  provision  of  the  flywheel,  while  not 
actually  keeping  down  the  maximum  value  of  the  peaks,  has 
given  time  for  the  governors  of  the  power  house  engines  or 
turbines  to  adjust  themselves,  to  meet  the  heavy  demand  for 
power.  It  will,  therefore,  be  seen  that  where  there  is  large 
overload  capacity  in  the  power  house,  it  is  not  necessary  to  go 
to  the  expense  of  providing  the  mills  with  very  heavy  flywheels. 
If,  however,  a  flywheel  of  very  considerable  weight  is  employed 
the  peak  will  be  materially  reduced.  It  will  be  easily  seen  in 
Fig.  43,  that  the  variation  in  power  is  much  less  with  a  50-ton 
flywheel  than  with  123/^-ton  flywheel,  and  it  will  also  be  seen 
that  if  the  pass  had  lasted  for  15  seconds  with  123/2-ton  flywheel, 
the  motor  would  be  giving  almost  the  maximum  power  required 
to  roll  the  bar  before  the  bar  was  out  of  the  rolls. 

Intermittent  Slip    Regulation 

If  the  provision  of  intermittent  slip  regulation  is  considered 
purely  from  the  theoretical  standpoint,  it  sounds  very  attractive, 
for,  if  the  regulator  were  set  to  come  into  operation  as  soon  as  the 
motor  had  attained  a  predetermined  load,  so  as  to  cause  the 
flywheel  to  provide  any  power  in  excess  of  this  predetermined 
load  by  reducing  the  speed,  it  would  give  almost  an  ideal  condi- 
tion. In  practice,  however,  this  intermittent  slip  regulator  is 
found  very  unsatisfactory,  because  it  takes  a  deflnite  time  to 
come  into  operation,  and  as  the  power  required  to  roll  a  bar 
increases  almost  instantaneously  as  soon  as  the  rolls  grip  the 
bar,  the  motor  is  giving  the  full  power  required  during  the  pass 
before  the  slip  regulator  has  come  into  operation,  and  the  effect 
of  the  intermittent  slip  regulator  is  that  instead  of  preventing 
large  peaks  in  the  power  demand  it  actually  creates  them, 
and  these  peaks  are  so  sudden  that  they  impose  the  very  worst 
possible  condition  on  the  generating  station. 
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V'lii.  1.5  illustrates  the  tlicorolicid  ucLiou  of  the  iiiLcruiitlcnt 
slip  ro<i;iilator,  and  Fig.  46  illustrates  the  manner  in  which  it  is 
found  to  behave  in  practice.  A  conil)inati()n  of  the  permanent 
slip  reiiulator  and  the  intermittent  slip  regulator  finds  an  appli- 
cation in  certain  cases,  as  the  permanent  slip  regulator  prevents 
the  instanlancous  peak  in  the  i)Ower  as  the  bar  enters  the  rolls, 
and  the  internuttent  slip  regulator  prevents  the  power  rising 
to  too  great  a  value  towards  the  end  of  the  pass,  but  this  has 
the  disadvantage  from  the  point  of  view  of  the  rolling  mill,  that 
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Fig.     45 — Curves  sliowing  tlie  theoretical  action  of  intermittent  slip  regulator, 
where  inertia  of  the  moving  parts  is  neglected. 

the  intermittent  slip  regulator  causes  too  great  a  fall  in  speed 
and  sets  a  limit  to  the  output. 

The  combination  of  the  permanent  and  the  intermittent 
slip  regulator  finds  a  very  useful  application  in  the  case  of  the 
motor  driving  the  motor  generator  set  of  an  electrically  driven 
reversing  rolling  mill,  as  the  permanent  slip  regulator  takes 
care  of  the  variation  in  power  between  pass  and  interval,  while 
the  intermittent  slip  regulator  is  well  adapted  to  take  care  of 
the  variation  in  power  between  ingot  and  ingot,  which  has  a 
comparatively  long  period. 
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Speed  Variation 

In  Europe  the  ordinary  three-high  merchant  mill  with  roll 
diameters  ranging  from  10"  to  18"  is  required  to  roll  as  many 
different  sections  as  possible  to  meet  the  conditions  of  trade 
and  the  smaller  mills  have  to  roll  sections  from  either  steel 
billets,  scrap  piles  or  puddled  iron  bars. 

To  meet  these  conditions  such  mills  have  to  be  able  to 
run  at  a  considerable  number  of  different  speeds. 
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Fig.  46 — Curve  showing  behaviour  of  intermittent  .slip  regulator  in  practice 
where  severe  peaks  in  the  power  are  caused  by  the  inertia  of  the 
moving  parts. 


It  is  always  desirable  to  run  at  as  high  a  speed  as  possible 
to  get  large  outputs,  but  it  is  not  possible  to  roll  large  steel 
billets  at  as  high  a  speed  as  small  billets,  for  it  would  be  a 
physical  impossibility  for  the  men  to  catch  a  large  and  heavy 
steel  billet  thrown  from  the  first  pass  of  the  roughing  mill  at  a 
high  speed. 

Iron  must  be  rolled  at  a  much  slower  speed  than  steel,  for 
if  iron  bars  are  rolled  at  a  high  speed  they  would  be  torn  up  and 
spoiled. 
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Guide  rounds  or  squares  can  be  rolled  at  a  much  higher 
speed  than  hand  round  or  squares,  for  where  guides  can  be 
used  they  hold  the  bar  in  {)osition,  bul  in  rolling  hand  rounds 
the  roller  has  to  hold  the  bar  in  position  with  his  tongs,  and  the 
speed  of  rolling  must  not  be  faster  than  he  can  roll  or  else  he 
cannot  follow  up  the  bar. 

To  exemplify  these  remarks,  the  following  mills  may  be 
quoted: — ■ 

(1)  12"  mill  with  4  stands  of  rolls  driven  by  a  direct 
coupled  motor  which  can  run  at  any  speed  between  240  and  120 
r.p.m. 

This  mill  rolls  the  following  section  from  steel  billets  — 

Hand  rounds 1  J^"  to  23/2" 

Guide  rounds i/^"  to  Ws" 

Hand  squares 1"  to  'iyV 

Guide  squares ]/^"  to  %" 

-Angles 1"  by  1"  to  3"  by  3" 

Tees 1^"  by  \%"  to  23^"  by  2^" 

Flats 1"  to  4" 

Flange  rail 12  lbs.  to  24  lbs. 

Small  I  beams 

Channels 

Bulb  tees 23^"  by  2^/^" 

Tram  angles 3"  by  334" 

Fish  plates 12  lbs.  to  30  lbs. 

These  sections  were  being  rolled  from  steel  billets  ranging  from 
2"  by  2"  to  4"  by  4".  It  was  found  that  the  lowest  speed,  viz., 
120  r.p.m.,  was  too  high  for  rolling  23/^"  hand  rounds,  and  that 
100  r.p.m.,  or  even  90  r.p.m.,  would  have  been  more  suitable. 

(2)  11"  mill  driven  by  a  direct  coupled  motor  which  can 
run  at  any  speed  between  250  r.p.m.  and  60  r.p.m. 

This  mill  is  rolling  about  the  same  sections  as  detailed 
above  from  steel  billets,  and  in  addition  is  rolling  iron  and 
scrap  piles  (muck  bars). 
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(3)  IG"  mill  driven  by  a  direct  coupled  motor  which  can 
run  at  any  speed  between  140  r.p.m.  and  70  r.p.m.  This  mill 
is  rolling  a  large  number  of  sections  ranging  from  3"  by  3" 
angles  to  6"  by  3"  I  beams  from  5",  4"  and  3"  billets. 

The  conditions  for  driving  such  a  mill  are  very  well  ful- 
filled by  the  direct  current  compound  wound  compensated 
motor,  because  it  can  be  set  to  run  at  any  basis  speed  suitable 
to  the  section  being  rolled  by  regulating  the  shunt  field,  while 
the  compound  winding  acts  as  a  permanent  slip  regulator,  and 
gives  the  necessary  fall  in  speed,  without  wasting  power,  to 
enable  the  flywheel  to  give  up  part  of  its  stored  energy  to  assist 
the  mill  motor  when  required. 

When  the  billet  is  out  of  the  rolls  the  mill  motor  will  not 
run  above  the  basis  speed  to  which  it  has  been  set,  so  that 
there  is  no  difiiculty  in  entering  the  next  billet. 

The  three-phase  induction  motor  is  not  at  all  well  suited 
for  driving  such  merchant  mills,  because  its  speed  can  only  be 
reduced  to  that  suited  to  the  section  being  rolled  by  inserting; 
resistances  in  the  rotor  circuit,  and  attention  has  already  been 
called  in  the  three-phase  winding  engine  section  of  this  paper 
to  the  great  variation  of  speed  which  takes  place  with 
change  of  load,  when  the  speed  of  such  a  motor  is  reduced 
in  this  way. 

Suppose  that  the  mill  quoted  under  Example  1  were  driven 
by  a  three-phase  induction  motor  having  a  synchronous  speed 
of  250  r.p.m.,  and,  in  order  to  roll  large  billets,  such  resistance 
was  inserted  in  the  rotor  circuit  to  bring  down  the  speed  to- 
120  r.p.m.  at  a  definite  load.  As  soon  as  the  bar  was  out  of  the 
rolls  the  motor  would  speed  up,  and,  if  the  interval  before  the 
bar  was  re-entered  was  at  all  long,  the  speed  of  the  motor 
would  be  nearly  up  to  250  r.p.m.,  so  that  it  would  be  very 
difficult  to  re-enter  the  bar,  and  to  re-enter  a  fresh  billet  at  this- 
speed  would  be  almost  impossible,  as  the  rolls  running  at  such 
a  high  speed  would  not  grip  the  large  billet. 

A  mill  driven  in  this  way  would  be  practically  unworkable. 

Suppose  the  motor  were  a  500  h.p.  motor,  then,  if  the 
speed   were   reduced   to   this   extent,    about   250   horse   power 
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would  1)0  wivstod  in  the  resistance  if  the  motor  was  giving  the 
turning  moment  corresponding  to  its  full  load.  Such  a  three- 
phase  drive  is  also  extremely  wasteful. 

The  above  mentioned  resistance  will  act  as  the  permanent 
slip  regulator,  reducing  the  speed  during  periods  of  heavy  load 
to  enable  the  flywheel  to  give  up  some  of  its  stored  energy^ 
but  this  entails  an  additional  waste  of  power. 

A  nund)er  of  methods  have  been  evolved  for  utilizing  three- 
phase  current  for  driving  such  a  mill,  and  the  following  have 
found  practical  application: — 

(1)  Where  there  is  room  for  a  rope  drive  an  ordinary 
three-phase  motor  may  be  provided  having  3  rope  pulleys 
of  different  sizes  on  its  shaft,  and  the  ropes  are  changed  from 
one  pulley  to  another  in  order  to  provide  three  different  speeds 
for  driving  the  mill.  To  enable  this  to  be  done  the  motor 
bedplate  has  been  made  to  slide  in  two  directions,  so  that  any 
one  of  the  three  pulleys  can  be  brought  opposite  to  the  main 
rope  pulley  flywheel,  which  is  coupled  to  the  mill,  and  also 
that  the  motor  can  be  moved  away  from  the  main  pulley  to 
tighten  up  the  ropes.  This  arrangement  is  really  rather  a 
poor  compromise,  as  it  only  enables  three  speeds  to  be  obtained, 
which  are  not  nearly  enough  for  a  mill  rolling  such  a  range  of 
sections  as  has  been  described  above.  In  practice,  it  is  usually 
found  that  the  ropes  are  put  on  to  the  pulley  which  will  give  a 
higher  speed  than  that  actually  required  for  rolling,  and  then  the 
speed  is  reduced  by  connecting  the  resistance  into  the  rotor 
circuit  of  the  motor. 

This  is,  of  course,  a  wasteful  method  of  working,  and  tests 
on  such  mills  show  that  the  power  consumption  for  the  quantity 
of  steel  rolled  is  unduly  high. 

Three  or  four  mills  have  been  equipped  with  this  drive,  but 
it  is  not  very  likely  that  it  will  be  repeated. 

(2) '  The  same  effect  as  this,  viz.,  the  possibility  of  running 
the  mill  at  two  or  three  set  speeds  has  been  obtained,  electrically 

instead  of  mechanically,  by  provision  of  pole  changing  motors, 
or  a  combination  of  pole  changing  and  cascade  motors.     This 

(V) 
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arrangement  has  the  same  disadvantages  as  the  one  described 
above,  and,  in  addition,  the  three  possible  speeds  cannot  be 
selected  at  will  but  must  bear  a  definite  relation  to  one  another, 
which  still  further  limits  the  choice  of  speeds. 

Where  large  billets  are  being  rolled  at  slow  speeds,  a  greater 
turning  moment  is  required  than  for  rolling  small  billets  at 
the  high  speeds,  but  some  of  these  pole  changing  motors  actually 
give  less  turning  moment  at  the  low  speeds,  where  a  large  turn- 
ing moment  is  required,  than  they  give  at  the  high  speeds. 

(3)  The  most  successful  method  of  utilising  three-phase 
current  to  drive  merchant  mills  working  under  such  con- 
ditions, which  has  yet  been  devised,  consists  in  installing 
a  three-phase  motor  direct  coupled  to  a  smaller  compound 
wound  direct  current  motor  for  driving  the  mill  and  providing 
a  rotary  converter  having  its  sliprings  connected  to  the  slip- 
rings  of  the  rotor  of  the  three-phase  motor  and- its  commutator 
connected  to  the  commutator  of  the  direct  current  motor. 
When  it  is  desired  to  run  this  mill  motor  combination  at  speeds 
below  synchronous  speed,  the  power  which  would  otherwise  be 
lost  in  resistance  in  the  rotor  circuit  for  the  three-phase  motor 
is  converted  from  three-phase  to  direct  by  the  rotary  con- 
verter and  beneficially  used  in  the  direct  current  motor  to  assist 
the  three-phase  motor  in  driving  the  mill. 

This  system  is  therefore  economical  and  the  three  machines 
together  behave  something  like  a  direct  current  compound 
wound  motor.  That  is  to  say,  the  mill  motor  set  can  be  adjust- 
ed to  run  any  basis  speed  suitable  to  the  section  being  rolled 
by  regulating  the  shunt  field  of  the  direct  current  motor,  while 
the  compound  winding  of  this  direct  current  motor  acts  as  a 
permanent  slip  regulator,  giving  the  necessary  fall  in  speed  to 
allow  the  flywheel  to  take  effect,  without  entailing  any  loss 
in  power. 

It  will  also  be- seen  that,  when  the  bar  is  out  of  the  rolls, 
this  set  will  not  speed  up  to  the  synchronous  speed,  but  will 
be  limited  by  the  basis  speed  to  which  the  direct  current  motor 
has  been  set.     Such  variable  three-phase  sets  have  been  in- 
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stiilK'tl  for  (Irixiiii;-  S  or  !)  (lillVrciil  iin'rcliaiil  mills,  with  very 
j,n)oil  results,  tlio  largest  hoiiit,'  a  I, ;{()()  h.p.  set,  and  it  is  (|iiile 
oasy  to  obtain  a  .'>  to  1  speed  re<>,iilat ion,  eeonoinically,  in  this 
way.  and  to  f^et  any  speed  at  all,  within  these  limits,  while  the 
turning-  moment  which  the  set  can  fiive,  increases  as  the  speed  is 
reduced. 

(4')  Some  attempts  have  been  made  to  obtain  a  similar 
result  as  that  described  in  Section  3,  by  installing  either  a 
frequency  converter  or  a  three-phase  commutator  motor  driven 
l)y  an  induction  motor  in  conjunction  with  a  three-phase 
induction  mill  motor,  the  difl'erence  in  this  case  being  that  the 
power  taken  from  the  rotor  circuit  is  returned  to  the  supply 
system  instead  of  being  utilized  to  drive  the  mill,  so  that  the 
turning  moment  does  not  increase  as  the  speed  falls,  but  the 
authors  are  unaware  that  any  such  systems  have  found  much 
application. 

(5)  The  three-phase  commutator  motor  may  possibly 
find  application  in  the  future  for  driving  rolling  mills,  but  the 
authors  are  unaware  that  such  a  machine  has  been  installed  for 
this  purpose  up  to  the  present. 

The  Effect  of  Conditions  of  Trade  on  the  Driving  of 

Such  Mills. 

In  the  United  States  of  America  ordinary  three-phase 
motors  find  a  very  large  application  for  driving  merchant  and 
bar  mills,  because  the  conditions  of  trade  are  such  that  it  is 
found  possible  to  limit  the  number  of  sections  which  are  rolled 
in  these  mills,  and  to  allocate  a  few  sections  only  to  each  mill 
and  to  keep  the  mill  busy  on  these  sections.  This  may  perhaps 
be  said  to  be  a  direct  consequence  of  the  very  large  output  of 
steel  in  the  United  States  and  the  commercial  conditions  there. 
As  a  consequence  of  this,  such  a  mill  can  be  run  at  practically 
constant  speed  under  favourable  conditions  and  a  three-phase 
induction  motor  proves  fairly  suitable  for  driving  it.  Up  to 
the  present  time,  such  small  mills,  in  Canada,  are  also  only 
rolling  a  comparatively  small  range  of  sections,  so  that  it  has 
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been  found  possible  to  run  them  at  practically  constant  speed, 
and  to  use  three-phase  induction  motors  in  many  cases  for  driv- 
ing them.  The  authors,  however,  think  that  in  the  future  less 
manufactured  steel  will  be  imported  into  Canada,  and» 
instead,  it  will  be  rolled  in  the  country,  so  that  the  tendency 
in  the  future  will  be  that  Canadian  mills  Avill  have  to  meet  such 
conditions  of  trade  by  working  more  under  European  conditions, 
that  is  to  say,  each  mill  will  have  to  roll  a  large  number  of 
sections,  because  it  is  unlikely  for  many  years  to  come  that  the 
steel  output  in  Canada  will  be  such  that  there  will  be  enough 
mills  to  enable  arrangements  to  be  made  that  each  mill  is 
producing  a  large  output  of  a  few  sections  only.  It  is  therefore 
likely  that,  in  the  future,  Canadian  merchant  and  bar  mills  will 
have  to  be  arranged  to  run  at  a  considerable  number  of  different 
speeds,  so  as  to  be  able  to  roll  a  large  number  of  different  sections 
from  varying  sized  billets.  It  is,  however,  doubtful  whether 
there  will  ever  be  the  demand  in  Canada  for  puddled  iron 
sections,  as  there  is  in  Europe,  where  climatic  conditions  are 
different. 

The  above  remarks,  naturally,  do  not  apply  to  such  mills 
as  sheet-mills,  tinplate  mills,  etc.,  which  are  always  run  at 
practically  constant  speed,  and  which  can  be  driven  by  three- 
phase  motors  without  entailing  much  disadvantage  from  the 
point  of  view  of  the  mill,  although  tests  on  sheet  and  tinplate 
mills  have  shown  that,  in  such  mills,  there  is  a  very  considerable 
waste  of  power  in  the  permanent  slip  regulators,  amounting 
to  from  12  to  15%  of  the  total  energy  expressed  in  kilowatt 
hours  taken  to  drive  the  mill. 

Conclusions  Concerning  Rolling  Mills. 

The  authors  are  of  opinion  that  direct  current  is  much 
better  adapted  for  driving  mills  and  machinery  in  a  steel 
works  than  three-phase  current. 

Where  large  reversing  rolling  mills  are  driven  electrically, 
and  the  motor  driving  the  motor  generator  set  is  supplied 
from  a  direct  current  system,  it  is  found  that  the  power  supplied 
to  the  rolling  mill  plant  can  be  maintained  at  a  much  steadier 
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value  lliaii  il"  il  is  supplied  froiu  a  t lircc-pluise  system,  and  with 
I  he  direct  current  motor  about  a  ten  per  cent,  saving  in  power 
can  he  effected,  as  there  is  no  loss  of  power  in  slip  resistances. 

Willi  a  direct  current  system  the  flywheel  of  the  motor 
generator  set  can  be  utilized  to  a  great  extent  for  neutralising 
sudden  peaks  of  short  duration  in  the  j)ower  demand  on  other 
parts  of  the  system,  for,  during  such  a  peak,  the  motor  generator 
set  would  not  only  cease  to  take  power  from  the  supply,  but  the 
motor  can  be  actually  reversed,  and  give  its  full  output  as  a 
generator  returning  the  energy  of  the  flywheel  as  electrical 
energy  to  the  supply  system. 

With  a  three-phase  system,  peaks  in  other  parts  of  the 
system  cannot  be  neutralised  to  anything  like  the  same  extent, 
for  the  motor  can  only  be  made  to  cease  to  take  power  from 
the  supply  system  and  cannot  act  as  a  generator  returning  power 
to  the  supply  system. 

It  has  been  shown  that  the  direct  current  compound  wound 
motor  is  very  well  adapted  to  fulfill  the  conditions  for  driving 
three-high  merchant  and  bar  mills  and  that  considerable  com- 
plication and  difficulties  are  involved  in  adapting  the  three- 
phase  motor  for  this  purpose. 

Direct  current  motors  are  also  particularly  well  adapted 
for  driving  slow  speed  sheet  and  tinplate  mills,  as  it  is  very 
easy  to  provide  a  slow  speed  direct  coupled  motor  and  gain  the 
advantage  and  economy  of  this  drive,  and,  as  there  is  no  loss  of 
power  in  slip  resistances,  the  direct  current  motor  will  prove 
from  twelve  to  fifteen  per  cent,  more  economical  than  the 
three-phase  motor  on  this  current  alone. 

The  advantages  of  direct  current  table  and  live  roll  motors 
are  so  fully  recognized  that  they  need  not  be  recapitulated  here, 
but  it  is  interesting  to  note  that  in  perhaps  the  largest  steel 
works  on  the  American  Continent,  where  the  main  power 
supply  is  three-phase,  all  the  table  motors  are  direct  current  and 
a  large  and  costly  installation  of  converting  machinery  has 
been  provided  to  convert  the  three-phase  current  to  direct 
current  to  supply  these  table  motors. 

It  may  be  argued  that  the  cost  of  cables  with  a  500  volt 
direct  current  system,  is  much  higher  than  for  a  high  voltage 
three-phase  system,  but  it  must  be  remembered  that  a  well  laid 
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out  steel  works  is  comparatively  compact  and  the  distances  are 
relatively  short,  so  that  the  cost  of  cables  is  not  a  very  serious 
item,  and  that  the  additional  capital  cost  of  three-phase  gener- 
ating plant  to  produce  power,  which  is  wasted  in  the  slip  re- 
sistance etc.,  will  pay  for  a  good  deal  of  extra  cable. 

In  steel  works  where  there  are  blast  furnaces  and  coke 
ovens,  the  modern  tendency  is  to  instal  large  gas  engines  using 
blast  furnace  or  coke  oven  gas,  both  for  driving  the  blast 
furnace  blowers  and  for  generating  electrical  power,  and 
experience  shows  that  a  direct  current  gas  engine  power  house 
is  cheaper  in  capital  cost  and  easier  to  operate  than  a  three- 
phase  power  house. 

Gas  engine  driven  three-phase  alternators  present  the  most 
difficult  problem  in  parallel  running,  and  while  sufficient  ex- 
perience has  been  gained  in  the  past  ten  years  to  enable  these 
difficulties  to  be  overcome  by  proper  design,  the  provision  of 
very  heavy  flywheels  is  always  necessary,  and  these  largely 
increase  the  capital  cost  of  the  three-phase  generators,  which  are 
intrinsically  more  expensive  than  direct  current  generators. 

The  higher  the  periodicity  the  heavier  the  flywheels  for  the 
three-phase  generators  become. 

Where  a  steam  turbine  power  house  is  installed  the  con- 
ditions are  reversed  and  a  three-phase  power  station  is  both 
cheaper  in  capital  cost  and  easier  to  operate  than  a  direct 
current  power  station,  and  it  becomes  a  serious  question  whether 
the  disadvantages  of  three-phase  current  for  driving  the  mill 
etc.,  should  be  incurred  to  secure  better  conditions  for  the  power 
house  or  not — possibly  the  best  solution  in  such  a  case  is  to 
install  three-phase  turbo-generators  with  rotary  converters, 
so  that  direct  current  is  provided  without  incurring  the  dif- 
ficulties of  the  direct  current  turbo-generator. 

The  500  volt  direct  current  system  has  found  very  wide 
application  in  the  steel  works  on  the  Continent  of  Europe. 

In  conclusion,  the  authors  wish  to  express  their  thanks  to 
the  Siemens  Company  of  Canada,  Limited,  to  Messrs.  Siemens 
Brothers  Dynamo  Works,  and  to  the  Siemens  Schuckertwerke 
for  the  information  which  they  have  furnished  and  for  the 
assistance  which  they  have  rendered  in  the  preparation  of  this 
paper. 
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DISCUSSION 

Mk.  C.  V.  CoRLESs  {Communication  to  the  Secretary)  — 
Willi  reference  to  the  above  paper,  the  sohition  applied  by 
I  lie  Mond  Nickel  Company  to  one  of  their  recent  hoisting 
])r()blonis,    may  be  of  interest. 

The  mine  in  question  is  situated  about  35  miles  from 
the  hydro-electric  generating  station,  which  supplies  power 
to  five  other  mines  at  varying  distances  up  to  44  miles.  Current 
is  supplied  at  44,000  volts.  The  circuit  is  3-phase  and  the 
plant  is  operated  at  60  cycles.  The  generating  station  is  under 
a  heavy  inductive  load,  most  of  the  compressors  and  all  of  the 
hoists  for  the  other  mines  being  driven  by  induction  motors. 
This  gave  a  rather  bad  power  factor. 

The  mine  itself  is  quite  peculiar.  The  boundaries  of  the 
Company's  property  do  not  extend  to  the  outcrop,  but  the 
south  and  east  boundaries  are  at  angles  respectively  of  roughly 
55  degrees  and  35  degrees  with  the  strike.  The  orebody  being 
somewhat  tabloid  and  dipping  under  the  south  east  angle 
of  the  property,  a  little  reflection  will  show  that  the  blocks 
of  ore  between  the  levels  somewhat  resemble  a  series  of  frusta 
of  a  pyramid.  The  shaft  is  necessarily  vertical  and  cuts  the 
ore  at  about  1100  feet.  The  apex  of  the  pyramid  of  ore  on' 
the  property  is  at  approximately  800  feet  depth.  The  tonnage 
of  ore  to  be  hoisted  will  increase  rapidly  from  level  to  level 
as  the  mine  deepens.  It  will  thus  be  seen  that  we  have  here 
about  the  worst  possible  conditions  for  an  electric  hoisting 
problem,  viz: 

(1)  Serious  depth  at  the  start. 

(2)  Rapidly  increasing  tonnage  per  level  as  the  mine 
deepens. 

(.3)  For  a  heavy  hoisting  load,  serious  distance  from  the 
generating  station. 

(4)   An  already  lagging  power  factor. 
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(5)  A  power  station  already  heavily  loaded  up  with 
hoists  driven  by  induction  motors. 

The  only  purely  electric  hoisting  systems  that  could  be 
considered  under  these  circumstances,  were  the  Ward-Leonard 
and  the  Ilgner  systems,  and  serious  consideration  was  given 
to  these.  But  these  systems  are  most  efficient  when  worked 
within  the  narrow  limits  of  depth  for  w'hich  they  are  designed. 
The  writer  can  add  nothing  to  the  very  able  discussion  of  the 
application  and  merits  of  these  two  systems  in  the  above 
paper. 

After  a  close  study  of  all  the  difficulties  to  be  met,  an 
air-hoist  using  pre-heated  air  was  decided  on. 

By  using  a  large  compressor  direct  driven  bj^  a  synchronous 
motor  of  large  leading  capacity,  the  lagging  power  factor  was 
corrected. 

By  using  two  lO'xSO'  receivers,  the  load  was  equalized. 

By  using  an  efficient  reheater  for  the  air,  power  was  so 
economized  as  to  approximately  equal  the  consumption  by 
either  of  the  above-mentioned  electric  systems. 

By  using  a  balanced  valve  w^ith  two  pounds  difference 
on  the  two  sides  (in  favour  of  the  hoist),  the  compressor  when 
not  hoisting  delivers  air  into  the  mine  air  line. 

The  details  of  all  these  hoisting  systems  have  been  so 
fully  discussed  in  the  above  paper  and  in  papers  on  air-hoisting 
in  the  Transactions  of  the  American  Institute  of  Mining 
Engineers,  that  further  particulars  would  be  merely  repetition. 

The  total  cost  of  the  air-hoist,  compressor  of  about  50% 
greater  capacity  than  required,  synchronous  motor  and  re- 
heater,  coincided  remarkably  closely  with  that  for  an  Ilgner 
Hoist  for  the  same  load.  But  the  air-hoist  and  compressor 
w4th  synchronous  motor  drive  corrected  the  power  factor 
and  gave  a  level  load  line  under  the  worst  possible  hoisting 
conditions,  which  no  purely  electrically  driven  hoisting  system 
so  far  designed  can  do. 


SOME  SUGGESTIONS   lOH   ORGANIZATION  AND 

THE    CONDUCT    OF    SAFETY    WORK 

IN   METAL   MINES.* 

By  Edwix  Higgins,  Washington  D.C. 

JVesterii  Branch   Mectiiip,  Xclsoii,  May,  101/, 

The  subject  "Safety  in  Metal  Mines"  is  of  such  Uirge 
scope  that  it  is  impossible  in  a  short  paper  to  more  than  touch 
upon  certain  features  of  it.  In  considering  what  part  of  the 
subject  it  seems  best  to  select  for  a  limited  discussion,  such 
as  this  paper  must  be,  it  has  been  thought  best  to  offer  some 
comments  and  suggestions  on  safety  organization  as  carried 
on  in  the  iron  and  copper  mines  of  the  Lake  Superior  district. 

When  the  Bureau  of  Mines  established  a  station  in  that 
district  late  in  lOl'^,  safety  work  was  already  well  under  way. 
At  the  present  time  the  Lake  Superior  district  is  probably 
more  advanced  in  safety  work  than  any  other  metal  mining 
district  in  the  United  States.  Here  a  vast  amount  of  money 
has  been  spent  to  make  the  mines  safer  and  the  results  have 
been  entirely  satisfactory  to  the  operators,  both  from  a  humane 
and  a  financial  standpoint.  It  may  be  mentioned  here  that 
a  workman's  compensation  law  is  in  force  in  the  states  of  Michi- 
gan and  Minnesota,  and  that  the  companies  bear  directly  the 
expense  of  liability  to  their  employees.  This  is  mentioned 
for  the  reason  that  is  has  been  noted  in  some  states  where 
there  is  no  compensation  law,  and  where  mining  companies 
carry  liability  insurance,  that  safety  work  has  shown  very  little 
advance.  Indeed,  as  stated  by  an  operator  in  such  a  state, 
the  only  incentive  which  he  had  to  make  his  mine  safe  was  the 
necessity  of  meeting  the  demands  of  the  state  mine  inspector; 
and  the  fact  that  an  excessive  number  of  accidents  caused  the 
liability  company  to  raise  his  rate  of  insurance. 


^With  theiermission  of  theDirector  of  tlu'  I'liitcd  States  Bureau  of  Mines. 
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Work   of   the   Bureau   of   Mines  in  the  Lake  Superior 

District 

The  writer  had  charge  of  the  operations  of  the  Bureau  of 
Mines  in  the  Lake  Superior  district  from  its  inception  up  to 
within  a  short  time  ago.  During  that  time  examinations, 
directed  toward  safety  and  efficiency,  were  made  of  about 
80  mines.  Special  investigations  were  conducted  with  regard 
to  mine  fires,  ventilation,  the  use  of  mine  sign  boards,  mining, 
methods,  and  sanitation. 

The  work  of  training  in  first  aid  to  the  injured  and  the 
use  of  oxygen  breathing  apparatus  was  carried  on  from  a 
mine  rescue  car  which  visited  the  various  ranges  in  the  district. 
Ten  men  were  trained  weekly  in  the  use  of  breathing 
apparatus,  and  from  10  to  30  in  first  aid  to  the  injured,  these 
men  being  selected  from  one  large  mine  or  a  group  of  small 
mines.  The  rescue  car  was  sidetracked  at  the  various  mines 
where  training  was  carried  on.  It  was  under  the  direct  charge 
of  a  foreman  miner,  who  was  assisted  by  a  first  aid  miner. 
Up  to  the  present  time  the  crew  of  the  car  has  trained  on  the 
various  ranges  in  the  district  a  total  of  400  men  in  the  use 
of  breathing  apparatus,  and  more  than  600  men  in  first  aid 
to  the  injured.  These  men  have  trained  others  and  there  are 
now  in  the  district  about  1500  men  who  are  capable  of  wearing 
breathing  apparatus,  and  3000  men  who  are  trained  in  first 
aid  to  the  injured. 

Great  improvement  has  been  noted  in  safety  work  in  the 
district  since  the  beginning  of  1913.  This  improvement  is 
due  largely  to  the  interest  taken  by  the  operators  and  the  mine 
employees  in  the  work. 

Safety  Organization 

It  may  be  well  to  open  the  consideration  of  this  subject 
by  describing  in  part  the  safety  organizations  of  some  of  the 
companies  that  have  been  successful  in  reducing  the  number  of 
accidents  in  their  mines.  As  illustrating  the  methods  followed 
where  operations  were  confined  chiefly  to  one  large  mine, 
the  organization  of  a  company  which  succeeded  in  reducing 
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accidents  ")()  pcrctMit  in  one  year  will  be  described.  Not 
only  was  the  nnnibiM-  ol'  accidents  rednced,  l)nt  cases  of  inlVction 
resnlting  from  wonnds  w(M"e  reduced  60  percent  in  one  year 
through  the  ])ractice  ol"  first  aid  work.  This  mine  employed 
about  800  men  a  shift,  and  worked  two  shifts  a  day. 

An  engineer  was  placed  in  charge  of  a  department  of 
efficiency  and  safety.  His  first  step  was  to  make  a  thorough 
study  of  the  conditions  in  the  mine  and,  through  a  tabulation 
of  accidents,  to  determine  the  principal  causes  of  injuries  to 
the  men  employed.  The  idea  was  to  remedy  the  most  serious 
conditions  befoi*e  proceeding  with  the  permanent  organization 
of  the  department.  It  was  found  that  the  greatest  number  of 
accidents  occured  from  falls  of  rock  and  ore  and  from  men 
falling  down  unprotected  places  in  the  mine.  It  was  further 
found  that  the  accidents  from  falls  were  occurring  in  places 
where  falls  were  least  expected,  as  in  the  rock  drifts  and  cross 
cuts.  In  the  ore  body  where  conditions  were  considered  most 
dangerous,  it  was  found  that  few  accidents  were  happening; 
this  was  due  to  the  fact  that  greater  precautions  were  observed 
in  working  the  orebody.  The  remedies  applied  w^ere  a  doubling 
of  timber  inspection,  and  the  timbering  of  every  place  where  it 
was  thought  there  was  a  possible  chance  for  a  fall.  These 
precautions  were  followed  by  an  almost  immediate  drop  in 
the  number  of  accidents  from  falls.  The  arrangement  necessi- 
tated a  considerably  increased  expenditure,  but  after  a  period 
of  many  months,  it  has  resulted  in  a  large  financial  saving. 
More  to  the  point,  it  has  resulted  in  a  great  diminution  of  the 
loss  of  life.  Accidents  due  to  men  falling  into  unprotected 
places  were  greatly  lessened  through  the  expedient  of  covering 
by  means  of  fences,  bars,  or  doors,  every  place  into  which  it 
was  possible  for  a  man  to  fall. 

The  organization  finally  developed  into  the  emj)loyment 
of  three  assistants,  each  one  of  whom  was  given  certain  features 
of  safety  and  efficiency  work  to  take  care  of.  This  was  neces- 
sitated on  account  of  the  magnitude  of  the  work  of  the  mine. 
As  the  organization  took  form,  daily  inspection  trips  were 
made  by  every  member  of  the  safety  organization.  These 
men    reported  to  the  head  of   the  organization,    who   in   turn 
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considered  the  recommendations  made,  and  obtained  immediate 
action  through  consultation  with  the  manager  of  the  mine. 
Latterly,  the  regular  inspection  trips  have  been  abandoned. 
The  members  of  the  efficiency  and  safety  organization  go  about 
attending  to  their  regular  duties  which  require  them  to  make 
visits  to  the  mine  at  irregular  intervals,  say  two  or  three 
times  a  week.  They  report  any  unsafe  conditions  they  may 
note  on  these  trips,  and  remedial  measures  are  provided  when 
possible. 

In  addition  to  the  work  of  the  above  organization,  daily 
meetings  are  held  in  the  mine  captain's  office,  attended  by 
the  manager  of  the  mine,  the  superintendent,  the  head  of  the 
efficiency  and  safety  department,  and  the  mine  captains. 
These  meetings  are  held  in  the  morning  just  as  the  day  shift 
is  going  to  work,  again  just  after  the  noon  meal,  and  on  special 
occasions  at  the  end  of  the  day  shift.  At  the  morning  meeting, 
the  shift  bosses  all  report  to  the  mine  captain  before  going  to 
work,  calling  attention  to  any  condition  which  they  think 
has  a  bearing  on  efficiency  or  safety.  Such  matters  are  dis- 
cussed and  decided  on  the  spot,  and  remedial  steps  are  taken 
where  they  are  thought  practicable. 

In  analyzing  the  methods  used  at  this  mine,  with  a  view 
to  determining  the  features  that  made  them  so  effective,  there 
appear  to  be  two  points  which  stand  out  prominently.  In  the 
first  place,  these  daily  meetings  afford  opportunity  to  discuss 
at  once  conditions  which  may  arise  in  the  mine.  There  is  no 
long  lapse  of  time  during  which  small  incidents  or  conditions 
may  be  forgotten.  Secondly,  it  was  noted  that  the  management 
stands  firmly  behind  the  efficiency  and  safety  inspector. 
Recommendations  were  given  immediate  attention  and  in 
practically  every  case  were  carried  out  to  the  letter,  even 
though  in  some  cases  they  might  have  seemed  not  altogether 
necessary.  In  other  words,  the  recommendation  did  not 
have  to  pass  through  many  hands,  and  finally  up  to  some 
head  who  seldom  went  underground,  or  who  might  be  located 
at  headquarters  in  some  other  city. 

Such  an  organization,  of  course,  is  especially  well  adapted 
to   a   company   operating   one   large   mine.      Where  there   are 
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numy  scalliM-od  oporations,  some  other  an  an  go  men  t  must  be 
lUH-essary.  This  same  general  ph'in  may  be  applied  in  the  ease 
of  a  small  operation,  the  only  ditt'erenee  being  that  it  wovdd 
not  be  neeessary  to  earry  sueh  a  large  organization,  that  is, 
four  men.  One  man  might  be  suffieient,  or  if  the  operation  is 
very  small,  one  man  may  divide  his  time  between  this  work 
and  oilier  duties. 

In  the  case  of  a  company  operating  many  large  mines  at 
various  points,  the  following  organization  is  employed: 

The  safety  work  is  in  charge  of  an  inspector  whose  duty 
is  to  inspect  all  mines  as  frequently  as  possible  and  submit 
reports  and  recommendations  to  the  manager.  The  captains 
of  the  various  mines,  as  well  as  the  shift  bosses,  are  not  in- 
formed of  a  proposed  visit  of  the  inspector;  this  arrangement 
it  is  believed  tends  to  prevent  any  special  preparation  for 
such  a  visit. 

In  addition  to  the  work  of  the  inspector,  periodical  trips 
are  made  by  a  committee  of  mine  foremen.  This  committee 
consists  of  three  members  selected  from  various  mines.  These 
men  have  certain  questions  to  ask  and  a  certain  form  to  fill 
out,  and  receive  their  instructions  directly  from  the  manager. 
Although  the  head  safety  inspector  accompanies  this  committee 
on  its  visits  to  the  mines,  he  has  nothing  to  say  as  to  its  de- 
cisions. His  duty  in  this  case  is  simply  to  incorporate  the 
findings  of  the  committee  in  a  report.  When  this  committee 
has  inspected  all  the  mines  of  the  company,  it  is  discharged 
and  new  members  are  selected.  With  a  view  to  securing  the 
confidence  and  cooperation  of  the  workmen,  a  committee 
of  workmen  has  been  organized.  This  committee  cooperates 
with  the  head  safety  inspector  and  performs  similar  duties 
to  those  of  the  foremen's  committee.  However,  its  activities 
are  limited  to  an  inspection  of  the  mine  from  which  it  is  se- 
lected. The  members  of  this  committee  are  changed  after 
each  inspection,  the  idea  being  to  eventually  give  all  the 
worker^  a  chance  to  approve  or  criticise  the  working  conditions 
in  and  about  the  mine. 

Another  committee  is  that  made  up  of  all  mine  super- 
intendents,   the   head    mining    captain,    master    mechanic,    as- 
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sistant  auditor,  secretary  of  the  pension  department,  safety 
inspector,  and  the  manager,  who  is  an  ex-officio  member. 
This  committee  meets  once  a  month  as  a  legislative  body, 
and  considers  recommendations  for  safety  which  have  been 
offered  by  other  committees.  This  committee  receives  and 
considers  reports  of  all  accidents  which  have  occurred  during 
the  previous  month.  These  accidents  are  studied  carefully, 
and  if  they  are  considered  preventable,  recommendations  are 
suggested  to  prevent  reoccurrence.  In  addition  to  the  above 
committee,  there  is  another  one  made  up  of  three  mine  super- 
intendents which  considers  all  fatal  accidents  and  makes  out 
a  report  thereon  to  the  manager  of  the  company. 

Another  form  of  organization,  similar  to  that  described 
above,  is  that  of  a  company  operating  mines  at  various  scattered 
points,  the  principal  difference  being  in  the  smaller  number  of 
of  large  mines.  The  safety  work  is  all  under  one  inspector, 
who  is  assisted  in  his  work  of  examining  the  mines  of  the  com- 
pany by  three  experienced  miners.  These  men  inspect  each  of  the 
mines  of  the  company  at  least  twice  each  week.  They  w^ork 
singly  and  send  a  report  of  their  investigations,  together  with  re- 
commendations, to  the  safety  inspector.  The  safety  inspector 
makes  a  weekly  report  to  the  superintendent,  who  takes  care 
of  any  matters  having  to  do  with  upkeep.  The  safety  in- 
spector also  makes  a  monthly  report  to  the  manager  of  the 
company,  transmitting  to  him  recommendations  in  triplicate 
for  approval.  These  recommendations  are  made  out  to  the 
head  of  the  department  in  which  the  improvement  is  to  be 
made.  If  approved  by  the  manager,  one  copy  is  returned 
to  the  safety  inspe:*tor  to  be  kept  by  him  until  the  improve- 
ment is  made,  and  the  other  two  copies  go  to  the  super- 
intendent. The  superintendent  keeps  one  copy  and  sends 
the  other  to  the  head  of  the  department  concerned.  When 
the  improvement  is  made,  the  head  of  the  department  sends 
the  recommendation  back  to  the  superintendent,  w^ho  de- 
stroys his  copy  and  sends  the  endorsement  of  completion  on 
to  the  safety  inspector.  The  safety  inspector  then  destroys 
his  record,  and  files  the  report  showing  that  the  recommendation 
has  been  adopted. 
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Meoliii^s  arc  held  c\iM-y  two  luoiillis  and  arc  allciidcd 
hy  all  llic  l)()sscs  ol"  llic  conipatiy  and  llic  first  aid  iiicn.  Here 
are  discussed  all  accidents  lluit  have  occurred  duriuj^-  llie 
previous  two  months.  Any  subject  may  he  l)r()U<;ht  up  at 
this  meeting',  such  as  safety  and  sanitation,  first  aid,  welfare, 
etc.     A  special  meeting  may  he  called  at  any  time. 

Another  company,  operating  small  groups  of  mines  at 
scattered  points,  lias  a  safety  organization  somewdiat  similar 
to  that  last  described.  A  chief  inspector  is  in  charge  of  safety 
work  in  all  the  mines.  Under  him  works  the  foremen's  com- 
mittee which  consists  of  four  foremen  from  mines  of  a  certain 
district.  This  committee  makes  a  trip  every  three  months 
through  all  the  mines  of  the  district.  It  is  changed  after 
each  trip.  After  the  visit,  this  committee  makes  up  a  re- 
port of  recommendation  to  the  safety  insj)ector  who  in  return 
reports  everything  to  the  general  superintendent,  commenting 
on  these  recommendations.  A  copy  of  this  report  also  goes 
to  the  general  manager.  No  blank  forms  are  used,  all  reports 
being  made  on  the  typewriter. 

Suggestions  for  Safety  Organization 

For  the  inauguration  of  safety  work  then,  whether  the 
operation  be  large  or  small,  it  may  be  said  that  the  first  step 
should  be  a  careful  study  of  the  conditions  in  and  about  the 
mine  by  someone  thoroughly  conversant  with  mining  con- 
ditions and  who  is  capable  of  organizing  the  work.  In  general 
it  may  be  said  that  a  scheme  of  organization  should  be  adopted 
which  provides  frequent  meetings  and  close  touch  of  the 
mine  officials,  safety  inspector,  and  under  bosses  in  the  mine; 
frec^uent  inspection  trips;  and  quick  action  on  recommenda- 
tions made  for  safety.  Before  considering  the  line  of  work  to 
be  followed  by  the  safety  organization,  whether  it  be  one  man 
or  a  group  of  men,  it  may  be  well  here  to  point  out  what  the 
writer  believes  to  be  the  most  important  feature  of  safety 
work:  namely,  the  human  element.  Under  this  head  comes 
that  .class  of  W'ork  that  will  do  more  toward  reducing  accidents 
in  mines  than  any  other  feature.  Reference  is  made  to  edu- 
cating and  securing  the  cooperation  of  the  worker.  This  in 
the  opinion  of  the  writer  is  fully  90  percent  of    the  prol)lem  of 
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safety  in  mines.  Unless  the  spirit  of  cooperation  is  strong 
with  the  employees  of  the  mine,  precautions,  rules,  regulations, 
and  all  of  the  safety  devices  known  to  science  will  be  of  no 
avail  in  reducing  the  number  of  accidents.  A  mine  filled  with 
men  whose  minds  are  continually  on  the  subject  of  accident 
prevention  will  be  productive  of  fewer  accidents  than  one 
filled  with  safety  devices  and  with  men  who  take  no  interest 
whatever  in  safety  work.  The  average  miner  is  not  only 
lacking  in  the  safety  spirit,  but  he  usually  resents  any  effort 
to  induce  him  to  use  greater  care  for  the  protection  of  himself 
and  his  fellow  workmen. 

Returning  now  to  the  line  of  work  for  safety  organization 
that  will  be  most  productive  of  good,  the  following  subjects 
are  suggested: 

1.  Educating  and  securing  the  cooperation  of  the  miner. 

2.  Protecting  dangerous  places  in  the  mine  by  the  use  of 
safety  devices  and  various  precautions. 

3.  Making  rules  and  enforcing  them. 

4.  The  introduction  of  first  aid  and  rescue  work. 

5.  Fire  protection. 

6.  Ventilation  and  sanitation. 

Education  and  Cooperation 

There  are  many  ways  in  which  the  mine  worker  may  be 
educated,  and  many  things  that  may  be  done  to  secure  his 
cooperation  and  confidence. 

Cash  Awards  or  Bonuses  for  Under  Bosses: — As  a  result  of 
observation  and  some  experience,  the  writer  is  firm  in  the 
belief  that  there  is  no  better  method  of  securing  the  coopera- 
tion of  bosses  than  that  of  ofFering  them  a  cash  bonus  in  some 
form.  Efforts  to  secure  the  cooperation  of  this  class  of  men 
by  offering  them  medals,  cigars,  or  by  appeals  to  their  human 
instincts,  are  productive  of  some  results,  depending  upon  the 
nature  of  the  men  appealed  to.  Take  a  crowd  of  say  a  dozen 
shift  bosses  and  appeal  to  them  along  the  lines  of  their  duty 
to  humanity;  offer  them  prizes  of  any  kind;  but  do  what  you 
may,  you  cannot  wake  them  up  and  get  their  cooperation  as 
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comploU'ly  and  iiiulh  idedly  as  you  ciiii  l)y  offering  them 
nionoy.  The  average  man  of  this  elass  does  not  make  more 
than  enough  money  to  provide  a  living  for  himself  and  his 
family,  if  he  has  one.  One  of  the  ehief  considerations  of  his 
life  is  to  obtain  that  which  will  get  for  him  the  necessities 
arid  some  of  the  luxuries  of  life;  and  so  when  you  offer  him 
money  you  appeal  to  him  from  a  most  vital  standpoint. 

More  than  a  year  ago  the  writer  suggested  in  a  certain 
district  the  offering  of  cash  prizes  for  safety  work  by  shift 
bosses.  Since  that  time  he  has  had  occasion  to  investigate 
several  mines  where  a  system  of  bonuses  for  safety  was  in 
operation.  In  every  case  the  results  were  excellent.  There 
are  several  ways  of  paying  a  bonus.  For  instance,  in  a  certain 
district  where  a  great  many  mines  are  operated,  investigation 
disclosed  the  fact  that  there  was  one  mine  in  which  the  accident 
rate  was  very  much  lower  than  in  any  other  mine  in  the  dis- 
trict. It  developed  that  the  shift  bosses  at  this  mine  were 
receiving  about  25  percent  more  in  wages  than  the  shift 
bosses  at  the  other  mines  thereabout.  Furthermore,  it  de- 
veloped that  the  superintendent  of  this  mine  would  employ 
no  shift  boss  who  was  not  what  he  called  a  safety  man.  That 
was  his  method  of  paying  a  bonus.  Another  company  obtained 
good  results  by  paying  a  large  yearly  cash  prize  to  the  first, 
second,  and  third  shift  bosses  in  rank  in  the  matter  of  acci- 
dents among  the  men  employed  under  him.  Another  company 
paid  a  monthly  cash  bonus.  No  set  rules  can  be  laid  down 
for  awarding  cash  bonuses,  as  conditions  vary  so  much  in 
different  mines.  It  is  a  matter  that  should  be  carefully  studied 
and  worked  out  to  suit  the  conditions  existing  in  the  mine. 
The  important  point  is  to  arrange  a  system  on  a  fair  and 
equitable  basis  so  that  there  will  be  no  cause  for  complaint, 
or  dissatisfaction  among  the  employees. 

The  Use  of  Mine  Sign  Boards,  Warnings,  Placards,  Etc; — 
The  use  of  the  sign  board  about  mines,  both  on  surface  and 
underground,  is  becoming  more  and  more  frequent.  There 
have  been  many  instances  where  the  use  of  the  sign  board 
has  prevented  accident  or  has  been  a  source  of  aid  to  the  miner 
in  time  of  disaster.     The  Bureau  of  Mines  and  the  American 

(W) 
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Mine  Safety  Association  are  now  recommending  the  standard- 
ization of  mine  sign  boards.  As  a  beginning,  three  symbols 
are  being  recommended  for  universal  use  in  coal  and  metal 
mines,  and  it  is  expected  later,  as  soon  as  these  have  become 
well  known,  to  recommend  others.  The  sign  boards  now 
recommended  are: — 

(a)  To  represent  danger  :  A  red  circle  filled  in  solidly  with 
red,  making  a  red  ball,  painted  on  a  white  background. 

(b)  To  indicate  the  direction  to  safety  :  An  arrow  painted, 
or  in  case  of  emergency,  chalked,  or  made  in  any  form  or  by 
any  means. 

(c)  To  indicate  a  ladder  way  or  stairway  in  good  repair: 
A  ladder,  preferably  painted  in  any  dark  colour  ujion  a  light- 
coloured  background. 

On  account  of  the  fact  that  many  nationalities  are  repre- 
sented in  the  mines  of  the  United  States,  it  is  recommended 
that  these  symbols  be  used  as  much  as  possible  without  words, 
although  there  may  be  cases  where  some  wording  is  essential. 
In  such  cases  the  words  should  be  concise  and  few  in  number. 
For  instance,  with  a  danger  sign  it  may  be  necessary  to  use 
such  words  as  "Dynamite  stored  here."  "Dangerous  ground 
ahead,"  or  "Men  working  above."  In  the  case  of  the  arrow 
it  may  be  desirable  to  use  such  notations  as  "To  the  main  out- 
let shaft,"  or  "To  the  main  drift."  In  the  ca?e  of  the  ladder 
some  such  explanatory  words  as  "To  surface,"  or  "To  the  '■20tli 
level,"  may  be  used. 

Other  educational  devices  consist  in  the  use  of  warnings 
regarding  special  dangers,  painted  on  sign  boards  and  dis- 
played in  prominent  places.  One  comj)any  follows  the  practice 
of  making  a  photographic  reproduction  of  all  its  serious  acci- 
dents. From  the  photograph  half  tones  are  made.  The 
accident,  and  how  it  might  have  been  j^revented,  is  described 
under  the  reproduction  in  several  different  languages,  and 
copies  posted  at  various  ])oints  underground,  on  the  surface, 
and  in  the  dry  house.  It  is  claimed  that  this  scheme  results  in 
much  good;  miners  collect  in  small  crowds  around  these 
descriptions  and  comment  freely  upon  them. 
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Miiiiy  otluM'  iii(>l  hods  ol'  (■(luc;i  I  iii<i,'  ilic  iiiiiici-  iii;iy  Ix- 
iiuMiliouod.  such  as  the  posliii";'  of  iu'\vsj)a|)('r  accounls  with 
illustrations  of  iiiiiu'  accidoiits,  the  holdina'  of  loctures  at 
which  arc  shown  laiit(M-n  slides  or  niovinji,'  i)ictures  dealing 
with  mine  accidents.  In  short.  anytliin<>;,  however  trivial, 
that  will  tend  to  keep  the  attention  of  the  miner  on  the  sui)- 
ject  of  accident  prcNcntion  is  worthy  of  consideration  in  this 
connection. 

I'llOTECTION    OF    DaNGEROI'S    PlAC'ES 

The  mine  should  he  carefully  inspected  and  all  open 
places  guarded  by  some  means.  Bars,  or  better  still,  gates, 
should  be  placed  at  all  shaft  collars  and  shaft  stations.  Ore 
chutes  should  be  protected  by  iron  bars  so  spaced  as  to  make 
it  impossible  for  a  nian  to  fall  through;  or,  in  some  cases,  it 
might  be  more  convenient  to  use  a  fence  so  arranged  that  ore 
may  be  dumped  below  the  top  rail.  The  entrance  to  manways 
should  be  protected  either  by  a  fence,  guide  rail  or  door.  In 
short,  any  place  in  the  mine  into  which  men  are  liable  to  fall 
should  be  guarded  in  some  way.  Such  places  should  also  be 
provided  with  a  light,  ])referably  electric,  so  that  the  danger 
may  be  plainly  seen. 

Rules  and  Regulations 

A  set  of  rules  and  regulations  for  the  mine  workers  is 
very  desirable.  These  should  be  based  on  conditions  about 
the  mine,  and  should  contain  only  such  rules  and  regulations 
as  are  considered  absolutely  necessary.  Nothing  should  be 
placed  in  this  book  that  cannot  or  will  not  absolutely  be 
enforced.  Rules  once  made  should  be  rigidly  enforced.  Viola- 
tions should  be  punished  according  to  their  seriousness,  by 
laying  the  offender  off  for  a  period  of  time,  or  discharging 
him. 

First  Aid   and  Rescue  Work. 

First  aid  to  the  injured  should  be  taught  in  every  mine. 
The  practice  of  this  work  has  the  effect  of  reducing  the  cases 
of  infection  from  wounds.  It  relieves  much  unnecessary 
suffering  and  brings  the  injured  back  to  his  work  and  to  a 
condition    of    usefulness    in    a    much    shorter    i)eriod    of    time. 
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Aside  from  the  direct  application  of  first  aid,  its  practice 
serves  as  an  object  lesson  to  miners  in  the  matter  of  accident 
prevention.  Any  miner,  however  ignorant  or  uneducated  he 
may  be,  can  learn  first  aid  work.  He  is  taught  to  do  the 
simplest  things  for  the  injured  until  a  doctor  can  be  secured, 
or  until  the  injured  can  be  transported  to  the  hospital.  Not 
only  this,  but  the  first  aid  man  is  taught  what  not  to  do  and 
what  not  to  attempt.  A  course  of  first  aid  to  the  injured  may 
be  inaugurated  by  the  company  doctor  or  by  anyone  who  has 
taken  a  course  of  instruction  under  some  organization  such  as 
the  American  Red  Cross  or  the  Bureau  of  Mines.  The  course 
of  study  is  well  outlined  in  Miner's  Circular  No.  8,  "First 
Aid  Instruction  to  Miners,"  published  by  the  U.  S.  Bureau  of 
Mines,  Washington,  D.  C,  or  in  the  booklet  entitled,  "First 
Aid  Manual,"  by  the  American  Red  Cross. 

First  aid  practice  should  be  held  at  least  once  every  two 
weeks;  better  still,  on  the  start,  once  every  week.  The  work 
should  be  so  conducted  that  when  it  is  fully  introduced  it  will 
provide  that  one  out  of  every  15  or  20  men  in  the  mine  is  a 
trained  man.  Detailed  suggestions  as  to  the  keeping  of  first 
aid  material  and  other  useful  points  may  be  obtained  from  the 
publications  mentioned  above. 

Every  mine  in  which  timber  is  used  is  more  or  less  subject 
to  mine  fires.  Protection  should  be  afforded  by  providing 
oxygen  breathing  apparatus  whereby  fire  fighters  can  easily 
reach  the  scene  of  a  fire  for  the  purpose  of  extinguishing  it 
or  for  the  purpose  of  rescuing  men  who  may  be  overcome  by 
poisonous  gases.  ^Yhile  it  is  not  expected  that  every  small 
mine  can  afford  an  expensive  equipment  of  oxygen  breathing 
apparatus,  the  smaller  mines  can,  by  cooperation,  afford 
themselves  protection  from  a  central  station,  the  expense  of 
which  may  be  divided  between  the  properties  protected. 
Larger  mines,  especially  those  in  which  a  great  deal  of  timber  is 
used  should  have  a  complete  equipment. 

Fire  Protection 

Based  upon  an  investigation  of  the  fires  that  have  occurred 
in  the   Lake   Superior   region   during  the   past    20   years,   the 
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rollowiiiii   may  he  set   down   as   Iho  principal  causes  of  metal- 
mi  no  fires: 

1.  Careless  or  imi)ropcr  use  of  miner's  li<;hts. 

2.  Spontaneous  combustion  due  to  friction  in  shaft 
rollers,  or  machinery  used  underground. 

3.  Dropping  lighted  candles  or  paper  into  ore  chutes. 

4.  Careless  use  of  matches. 

5.  Smoking  in  dry  timbered  places  underground,  or  near 
shaft  collar. 

6.  Sparks  from  surface  engines  or  fires  on  surface. 

7.  Building  fires  underground  for  warming  the  hands, 
heating  the  dinner  pail,  or  other  purposes. 

8.  Incendiarism. 

9.  Improper  or  defective  electric  wiring. 

10.  Spontaneous  ignition  of  combustible  rock. 

For  the  prevention  of  underground  mine  fires  the  following 
suggestions  are  offered: 

1.  As  far  as  it  may  be  possible  do  not  use  timber  con- 
struction near  the  shaft  collar,  in  the  shaft,  or  at  the  shaft  or 
pump  stations. 

2.  Keep  dry  timbered  shafts  moistened. 

3.  Use  care  in  electric  wiring  and  arrange  for  frequent 
inspection. 

4.  Do  not  use  candles  for  lighting  underground. 

5.  Do  not  place  underground  machinery  close  to  dry 
timber. 

6.  Keep  underground  machinery  and  shaft  rollers  well 
oiled. 

7.  Do  not  allow  smoking  in  any  timbered  place  under- 
ground. 

8.  It  is  best  not  to  use  lanterns  or  torches,  but  if  they 
must  be  used,  provide  a  heavy  oil. 

9'.   Cover  all  steam  pipes  laid  near  timber. 
10.   Avoid   storing   lubricating   or   other   oils   in    quantity 
underground,  especially  near  timbered  places. 
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Ainj)l('  protection  may  be  aflForded  at  any  mine  by  the 
selection  of  what  may  seem  necessarj'  from  the  following 
list  of  fire  fighting  aj)])liances: 

1.  \Yater  iilugs  with  hose,  at  pumj)  or  shaft  stations  and 
in  shaft. 

■2.   Chemical  fire  extinguishers  in  dry  j)laces. 

S.  Make  air  line  couvertiljle  into  water  line  by  means  of 
connections  at  stations. 

4.  Provide  a  water  barrel  and  buckets  at  shaft  stations. 

5.  Provide  dry  fire  extinguishers  such  as  powdered  lime- 
stone, sand  or  salt. 

6.  Arrange  for  the  control  of  the  mine  ventilation  by  the 
use  of  doors. 

7.  Provide  air  tight  doors  for  the  isolation  of  ])arts  of  the 
mine. 

Vextilatiox  axd  Saxitatiox 

Ventilation  and  sanitation  are  two  subjects  that  have  a 
very  important  bearing  upon  the  health  and  efficiency  of  the 
miner.  These  considerations  are  really  of  much  more  im- 
portance than  generally  supposed.  Miners  who  are  forced 
to  work  in  hot  or  poorly  ventilated  stopes  cannot  be  expected 
to  do  efficient  work.  Furthermore,  their  general  health  is 
affected.  If  a  miner  be  subjected  to  improper  conditions, 
as  to  ventilation,  for  a  long  period  of  time,  his  resistance  to 
disease  is  greatly  lessened,  and  his  power  of  recuperation 
after  an  injury  is  impaired.  The  writer  in  examining  a  certain 
mine  noted  that  in  stopes  where  the  temperature  was  only  65 
degrees,  the  men  were  working  stripped  to  the  waist  and  were 
perspiring  freely.  An  examination  of  the  ventilating  system 
brought  out  the  fact  that  very  little  air  was  entering  the  mine, 
and  only  a  small  part  of  the  current  was  getting  into  the  stopes. 
Samples  of  air  showed  a  very  low  content  of  oxygen.  There 
was   no  question   ])ut   that   these   men   were   suffering  greatly 


("ONDICT   Ol'   SaKKTY    WohK   IN    M  KT  A  h   M  1  N  KS       lll<;(,l\s       :?(•  1 

trom  a  lack  of  oxygen,  as  a  temperature  ol'  (>.>  decrees  is  (|uile 
e»)mroiial)le  tor  a  \vorkin<;-  place.  The  miners  referred  lo 
seenuHl  to  suffer  more  and  perspire  more  freely  than  in  oth(>r 
miiies  where  llu*  air  was  fresh  and  where  the  temperature 
was  as  high  as  S.)  and  DO  degrees. 

A  clean  mine  is  essential  lo  the  healtli  and  efficiency  of 
the  miners.  Unsanitary  conditions  under<>round  have  been 
known  to  cause  a  pollution  of  the  water  system  of  an  entire 
camj),  and  to  have  been  the  cause  of  the  spread  of  epidemics 
of  various  kinds.  For  instance,  in  a  certain  mine  it  was  found 
that  men  wlio  received  even  a  slight  scratch  on  the  hand, 
almost  immediately  developed  infection;  in  most  of  the  cases 
deep  seated  ulcers  formed.  An  investigation  brought  out  the 
fact  that  these  conditions  existed  only  in  a  certain  part  of  the 
mine,  and  the  final  conclusion  was  that  the  cause  was  a  pollution 
of  the  water  flowing  to  this  part  of  the  mine  through  old 
workings  in  which  sanitary  conditions  were  very  bad.  The 
above  are  only  suggestive  of  what  may  result  from  poor 
ventilation  and  unsanitary  conditions  in  the  mine. 

COXCLUSIONS 

The  writer  realizes  that  he  has  no  more  than  touched 
the  surface  of  the  subject  of  safety  in  mines.  Alany  important 
features  have  not  even  been  referred  to.  The  idea  of  the 
l)apcr  has  been  to  make  only  some  elementary  suggestions 
regarding  the  more  important  features  of  safety  organization. 
A'ery  little  has  been  said  regarding  the  actual  work  of  protecting 
mine  workers  from  injury.  This  is  the  part  of  the  work  that 
comes  after  the  organization  is  effected  and  it  embraces  a 
multitude  of  precautionary  measures.  For  the  benefit  of  those 
who  may  be  interested  in  a  more  detailed  consideration  of 
the  various  departments  of  safety  work,  reference  is  made  to 
the  following  recent  ])ublications: 

"Safety  in  the  Mines  of  the  Lake  Superior  Iron  Ranges,"  by 
Edwin  Higgins.  Proceedings  Lake  Superior  Mining 
Institute,  191,S. 
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The  following  publications  by  the  U.  S.  Bureau  of  Mines, 
Washington,  D.  C. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting 
carbon  monoxide  after  mine  fires  and  explosions,  by  G.  A. 
Burrell.     1912.     15  pp. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine 
fires,  by  G.  A.  Burrell  and  F.  M.  Seibert.  1912.  16  pp. 
1  fig. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of 
explosives,  by  W.  O.  Snelling  and  Clarence  Hall.  1912. 
20  pp.     11  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives, 
by  Clarence  Hall  and  S.  P.  Howell.  1912.  34  pp.  1  pi. 
5  figs. 

Technical  Paper  24.  Mine  fires,  a  preliminary  study,  by  G.  S. 
Rice.     1912.    51  pp.     1  fig. 

Technical  Paper  30.  Mine-accident  prevention  at  Lake 
Superior  iron  mines,  by  D.  E.  Woodbridge.  1913.  38  pp. 
8  figs. 

Technical  Paper  40.  Metal-mine  accidents  in  the  United 
States  during  the  calendar  year  1911,  compiled  by  A.  H. 
Fay.     1913.     54  pp. 

Technical  Paper  46.  Quarry  accidents  in  the  United  States 
during  the  calendar  year  1911,  compiled  by  A.  H.  Fay. 
1913.    32  pp. 

Technical  Paper  59.  Fires  in  the  Lake  Superior  iron  mines, 
by  Edwin  Higgins.     1913.     34  pp.  2  pis. 

Miners'  Circular  4.  The  use  and  care  of  mine-rescue  breathing 
apparatus,  by  J.  W.  Paul.     1911.     24  pp.     5  figs. 

Miners'  Circular  5.  Electrical  accidents  in  mines,  their  causes 
and  prevention,  by  H.  H.  Clark,  W.  D.  Roberts,  L.  C. 
Ilsley,  and  H.  F.  Randolph.     1911.     10  pp.,  3  pis. 
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Minors'  Circular  S.  First  Aid  inslrudion  lor  miners,  by  M.  W. 
Glasgow,  W.  A.  l{;ni(l(Mil)uscli,  and  C.  ().  RolK-rts.  1913. 
65  J)]).  46  figs. 

Miners'  Cireular  17.  Accidents  from  falls  of  rock  or  ore,  by 
Edwin  Higgins.     1914.     (Not  yet  ready  for  distribution.) 

Miners'  Circular  10.  Mine  fires  and  how  to  fight  them,  by 
J.  W.  Paul.     1912.  14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  loco- 
motives, by  L.  M.  Jones.     1912.     16  pp. 

Miners'  Circular  13.  Safety  in  tunneling,  by  D.  W.  Brunton 
and  J.  A.  Davis.     1913.     19  pp. 

Miners'  Circular  15.  Rules  for  mine-rescue  and  first  aid  field 
contests,  by  J.  W.  Paul.     1913.     12  pp. 


MINE  RESCUE  APPARATUS 

By  Charles  Gkaham,  Corbin,  B.C. 

Rnckij  Mountain  lininrh,  Fernie  Meetiiif/. 

The  introduction  of  mine  rescue  apparatus  has  become  one 
of  the  greatest  forward  movements  in  connection  with  coal 
mining. 

The  primary  object  of  'rescue'  or  'breathing'  apparatus 
is  to  permit  the  wearer  to  enter,  safely  and  without  incon- 
venience, an  irrespirable  atmosphere.  The  various  types  of 
apparatus  now  in  use  may  be  divided  into  three  classes:  1st, 
those  in  which  oxygen  is  chemically  generated  within  the 
apparatus;  2nd.  those  in  which  liquid  air  is  the  source  of  the 
oxygen  supply;  and  3rd.  those  in  which  the  respired  air  is 
chemically  purified  or  'regenerated' — its  deficiency  in  oxygen 
being  made  up  from  tanks  of  compressed  oxygen.  It  would 
be  laborious  and  not  within  the  scope  of  this  paper  to  trace 
the  growth  and  improvements  in  these  types  of  rescue  apparatus. 
As  the  first  two  classes  named  have  not  been  generally  adopted 
it  is  needless  to  discuss  them. 

The  essential  conditions  to  be  observed  in  the  design  and 
construction  of  a  breathing  apparatus  to  ensure  its  successful 
operation  may  be  first  considered.  As  the  breathing  apparatus 
is  complementary  to  the  wearer,  it  is  necessary,  before  fixing 
conditions  which  it  must  fulfil,  to  understand  very  clearly  the 
requirements  of  the  wearer  under  varying  working  conditions. 
Haldane^  and  Lorain  Smith  state  that  under  working  conditions 
a  man  will  require  from  .50  to  60  litres  of  air  per  minute,  though 


'  The    Physiological    Effects  of  Air   Vitiated   by    Respiration — .Joiinuil    of 
Pathology  and  Bacteriology,  189-2.      Vol.  1,  p.  1G8.' 
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for  ;i  hrii'l"  |)(.Mi(»(l  at  Icr  cxt'rt  ion  t  his  (juaiil  i  l_\  may  reach  I  00,  and 
ilurini;'  periods  of  rest  less  Ihan  50  Hires  of  air  may  l)e  required. 
The  breathing  apparatus  uiust,  therefore,  supply  a  minimum  of 
'■2  litres  of  j)ure  oxygen  per  minute  and  must  remove  the  ('ar})on 
dioxide  formed,  and  at  the  same  time  circulate  llirongh  the 
apparatus  a  minimum  of  50  Hires  of  air  per  minute. 

The  ideal  breathing  apparatus  should  be  as  light  as  pos- 
sible and  still  be  consistent  with  strength  and  safety,  as  the 
wearer  is  labouring  under  severe  mental  distress,  abnormal 
conditions,  and  ofttimes  in  cases  of  severe  exertion  an  insufficient 
supply  of  air.  It  must  be  self-contained,  that  is,  independent 
of  any  fixed  base.  It  must  permit  the  wearer  to  engage  in 
severe  muscular  effort.  The  removal  of  carbon  dioxide  by  the 
regenerator  must  be  as  complete  as  possible.  As  the  fixation 
of  this  gas  by  caustic  alkalies  generates  considerable  heat,  and  as 
breathing  heated  air  is  extremely  distressing,  the  air  should  pass 
through  an  efficient  cooler  after  leaving  the  regenerator.  The 
energy  stored  in  the  compressed  oxygen  should  be  utilized  in 
circulating  the  air  through  the  apparatus,  thus  relieving  the 
lungs  of  this  duty.  A  gauge  should  be  provided  which  shall 
indicate  distinctly  and  accurately  the  length  of  time  for  which 
the  apparatus  may  be  used.  The  apparatus  must  be  readily 
rechargable.  The  charges  must  be  prepared  in  such  a  way  that 
they  will  keep  for  considerable  lengths  of  time  without  deteriora- 
tion. Exhalation  and  inhalation  bags  must  be  provided. 
The  operation  of  the  apparatus  must  be  absolutely  automatic, 
thus  leaving  the  mind  of  the  wearer  free  from  concern  on  this 
account.  As  the  supply  of  air  is  constant,  irrespective  of  the 
wearer's  needs  during  periods  of  rest,  an  excess  of  oxygen  will 
accumulate  in  the  breathing  bag.  As  the  back  pressure  thus 
produced  may  cause  considerable  distress  and  even  danger,  a 
relief  valve  should  be  provided.  The  apparatus  should  be 
airtight  wdth  regard  to  the  outside  air,  and  must  make  an  air- 
tight joint  at  the  wearer's  face,  also  the  wearer's  eyes  must  be 
protected  against  smoke  or  irritant  gases. 

Breathing  apparatus  fulfilling  most  of  these  requirements 
have  been  constructed  of  two  general  types.  In  one,  the  air  is 
supplied    to    the    wearer    through    a    mouthj)iece,    the    nostrils 
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being  closed  by  a  clip.  In  the  other,  the  head  is  enclosed  in  a 
helmet,  an  air  tight  joint  being  made  around  the  face  by  a 
pneumatic  cushion.  Each  of  these  types  have  there  own  sphere 
of  usefulness,  both  having  advantages  and  disadvantages. 

There  are  two  types  of  apparatus  generally  used  in  this 
country,  the  injector  type  (Draeger),  and  the  non-injecting 
type  (Fleuss).  In  the  Draeger  apparatus  the  circulation  is 
maintained  by  the  injector  and  is  entirely  independent  of  the 


Fie    1 . 
Draeger  Apparatus,  1913  Model,   with   Positive  Pressure. 


respiratory   muscles.     In  the   Fleuss  the  circulation  is   main- 
tained solely  by  the  respiratory  muscles. 

Lately  several  objections  have  been  raised,  principally  by 
Prof.  John  Cadman,  to  the  use  of  injectors  in  breathing  appara- 
tus, on  account  of  the  creation  of  a  negative  pressure  zone  on 
the  regenerative  side  of  the  apparatus.  His  point  is  that 
should  leaks  occur  in  the  tubes  or  regenerative  cartridge,  due  to 
faulty  connections  or  punctures,  the  outside  atmosphere  would 
be  drawn  into  the  apparatus  to  the  danger  of  the  wearer. 
In  reporting  upon  the  death  of  Mr.  Painter  at  Caeduke  Col- 
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liery  who  clioil  while  using  a  Draeger  apparatus  in  irrespirable 
air,  Prof.  Cadnian  expressed  the  opinion  that:  "An  injector 
ai)paratus,  jjosscssing  as  it  does  a  zone  of  negative  pressure,  is 
always  liable  to  leakage  and  it  would  be  in  the  interests  of  safety 
if  the  appai'atus  were  made  to  give  positive  pressure  only,  so 
that  any  small  leaks  which  must  inevitably  occur  will  pass  gas 
from  the  inside  to  the  outside  of  the  apparatus."  In  making 
this  statement  he  reflects  gravely  on  the  mechanical  efficiency 
of  the  injector  type  of  apparatus.  An  apparatus  which  is 
always  liable  to  leakage  is  certainly  a  long  way  from  being 
mechanically  perfect,  and  should  not  be  used  under  any  cir- 
cumstances. Any  leaking  apparatus,  whether  of  the  injecting 
or  non-injecting  type,  is  a  defective  apparatus.  Just  why 
Prof.  Cadman  considers  that  small  leaks  must  inevitably  occur 
does  not,  however,  seem  quite  clear. 

Dr.  Frostmann  in  a  paper  read  before  the  Second  Inter- 
national Congress  on  Rescue  Work  and  the  Prevention  of 
Accidents,  in  Vienna  last  year,  gives  information  that  will 
reassure  the  users  of  the  injector  types  of  apparatus.  It  would 
seem  from  Dr.  Frostmann's  experiments  that  too  great  import- 
ance has  been  laid  upon  the  possible  dangers  from  leaks.  He 
contends  that  before  a  leak  can  become  dangerous  it  must  be  of 
a  diameter  that  could  not  escape  detection  by  proper  testing; 
and  he  concludes  his  paper  with  the  following,  statement: 
"On  the  grounds  of  these  tests  the  conclusions  we  must  arrive 
at  are  that  Dr.  Cadman  has  greatly  exaggerated  the  possible 
danger,  and  that  the  usual  prescribed  tests  are  sufficient  to 
avoid  any  dangers  that  may  arise  through  leaks  in  the  appara- 
tus. Of  course  where  apparatus  is  not  carefully  kept  in  good 
order,  and  the  proper  tests  are  not  applied  before  use,  the  life 
of  the  wearer  may  be  placed  in  danger.  In  such  cases,  however, 
there  are  many  other  possibilities  of  danger,  at  least  as  im- 
portant. Prof.  Cadman's  conclusion  that  injector  apparatus 
should  be  displaced  altogether  in  favour  of  non-injector  apparatus 
is  not  sustained.  Moreover,  Prof.  Cadman  has  overlooked 
the  fact  that  in  apparatus  without  injectors,  the  outer  air  may 
gain  entrance.  In  the  only  apparatus  without  injector  to  which 
I  have  had  access,  the  Fleuss,  according  to  my  experiments,  a 
leak  of  2  mm.  and  of  5  mm.  at  point  2  (see  Fig.  3)  under  work 
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conditions  will  admit  more  outer  air  than  under  similar  cir- 
cumstances and  at  the  same  testing  points  in  the  injector 
apparatus." 

The  remedy,  therefore,  is  obvious;  proper  testing  before  use 
by  a  thoroughly  competent  man  will  obviate  many  of  the  dan- 
gers suggested  })y  Prof.  Cadman.  AYhen  any  man  puts  on  a  set 
of  breathing  apparatus  and  enters  an  irrespirable  atmosphere, 
he  knows,  or  should  know,  that  his  life  depends  upon  the 
efficiency  of  that  apparatus,  and  it  should  not  be  used  without 


Fig.  2. 

Westphalia   Apparatus,    191;}    Mcnlel,    witli  Injector. 


thorough  examination.  Apparatus  can  not  be  stored  away  in  a 
corner  for  months  without  attention  and  then  brought  out  and 
used  for  serious  work.  No  mechanical  contrivance,  however 
perfect,  will  stand  such  treatment.  The  writer  desires  to  em- 
phasize the  j:>oint  that  the  greatest  enemy  of  rescue  apparatus 
is  the  lack  of  proper  care  and  attention  to  their  upkeep.  Men 
inexperienced  in  the  apparatus  are  given  charge  of  them  with 
the  result  that  the  machines  are  allowed  to  deteriorate  for  lack 
of  proper  attention.  While  admitting  that,  with  mechanical 
contrivances  (and  particularly  those  of  such  delicate  construc- 
tion), there  is  always  the  possibility  of  their  getting  out  of  order, 
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st  ill,  in  tin-  iiKii  II  I  his  can  l)c  oNcrcniiic  hy  pi-opcr  cart'  and  at  ten - 
liim  to  tlir  appaialiis  hy  compchMil  ptM'sons.  Unless  properly 
l(>t)ked  alter  and  used  by  llioroughly  trained  men,  rescue 
apparatus  of  any  type  is  more  likely  to  i)rove  dangerous  than 
helptul. 

Tlic  Draeger  Company,  with  a  view  to  removing  all  pos- 
sible objections  to  the  use  of  injectors  in  res(;ue  apparatus 
arising  out  of  the  possibility  of  poisonous  gases  being  drawn 
in  by  suction  from  negative  pressure  inside  the  apparatus,  have 
adopted  means  to  insure  j)ositive  pressure  throughout  the 
same.  Fig.  1  is  a  diagrammatic  representation  of  the  1913 
model  of  the  Draeger  apparatus,  showing  the  course  traversed  by 
the  contained  air.  The  exhaled  air  is  drawn  out  of  the  bag  A 
by  the  injector,  and  passes  the  suction  nozzle  D'  and  the  de- 
livery nozzle  D-  into  the  regenerator  or  cartridge  P  from  below, 
issuing  from  the  top  of  same,  then  flowing  through  the  cooler 
K  into  the  breathing  E,  and  thence  into  the  helmet  or  mouth- 
piece. As  compared  wuth  the  former  patterns,  therefore,  the 
airis  forced  through  the  cartridge  instead  of  being  drawn  through 
it.  The  idea  on  which  the  modified  arrangement  was  based 
was  that  the  lowest  pressure  must  necessarily  obtain  on  the 
suction  side  of  the  injector,  and  that  consequently  to  prevent 
negative  pressure,  the  air  to  be  breathed  ought  to  be  drawn 
from  a  large  receptacle  instead  of  the  narrow  cartridge  with  its 
relatively  high  resistance.  The  apparatus  must  be  filled  with 
air  before  use,  either  by  the  wearer  inhaling  the  outside  air 
for  several  breaths  or  by  starting  the  injector  for  a  few  minutes 
beforehand.  A  number  of  experiments  were  carried  out  to 
determine  the  amount  of  positive  pressure  obtained  in  this 
pattern  while  in  use,  with  the  result  that  in  place  of  the  negative 
pressure  of  from  2  to  3  centimetres,  there  was  found  to  be  a 
positive  pressure  of  from  0  to  6  centimetres,  thus  demonstrating 
the  possibility  of  constructing  injecting  apparatus  free  from 
negative  pressure. 

In  a  previous  pai)er  on  'Mine  Rescue  Apparatus'  by  Mr. 
Aspinall  and  ]\Ir.  Miller,  read  before  this  body,  commenting 
upon  economy  of  operation,  it  is  stated  that  the  cost  of 
training   is   the   consideration    of   first    importance.      I    beg   to 
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differ  most  emphatically.  In  the  selection  of  any  type  of  ap- 
paratus, safety  and  not  economy  is  the  first  and  most  important 
consideration. 

In  the  actual  use  of  the  apparatus,  there  is  one  great  advan- 
tage in  the  utilization  of  the  absorbent  cartridge  as  with  the 


Fig.  3. 
Fleurs  Apparatus,  non-injecting  type. 


Draeger  as  compared  with  the  caustic  soda,  either  lump  or 
stick.  We  assume  that  we  have  a  limited  number  of  machines 
at  the  base  of  operations.  All  the  machines  are  in  use,  and  on 
the  return  of  the  party  it  is  necessary  for  a  second  party  to 
return   at  once.     A  change  of  potash  cartridge  and  oxygen 
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cylinder  makes  the  Draeger  niaehine  ready  for  use  again,  while 
with  the  Fleuss  using  caustic  soda  the  breathing  bag  must  be 
thoroughly  washed  and  dried  before  putting  in  a  new  charge  of 
caustic  soda. 

In  this  connection  thiu-e  is  another  very  serious  objection 
to  the  use  of  caustic  soda  when  it  is  used  too  rapidly  in  the  form 
of  sticks.  It  has  been  found  by  the  Illinois  Mine  Rescue  Com- 
mission that  when  hard  work  is  being  maintained  that  the 
caustic  soda  will  liquify  and  that  the  surface  of  the  liquid  will 
come  to  a  point  higher  than  the  bottom  of  the  partition  in  the 
breathing  bags,  in  which  event  there  is  a  great  resistance  which 
partially  prevents  the  products  of  respiration  from  going 
through  the  caustic  soda,  with  the  result  that  the  products  of 
respiration  return,  and  no  fresh  air  can  be  obtained  from  the 
apparatus. 

In  the  Draeger  and  Westfalia  apparatus  the  products  of 
respiration  are  compelled  to  pass  through  the  various  layers 
of  absorbent  material  in  succession,  whereas  it  follows  its  own 
devices  in  traversing  the  regenerative  material  of  the  Fleuss. 
It  is,  therefore,  not  surprising  that  the  purification  of  the  air 
is  more  complete  and  uniform  in  the  former  types. 

The  principal  consideration  in  the  use  of  any  type  of 
apparatus  is  the  thorough  training  of  the  men,  who  must  be 
made  thoroughly  familiar  w4th  the  apparatus  in  all  its  details. 
Only  thorough  and  constant  training  will  fit  men  to  properly 
perform  this,  the  most  dangerous  and  exhausting  work  which 
any  coal  miner  is  called  upon  to  perform.  It  is  not  sufficient 
that  he  know  how  to  put  the  apparatus  on  and  open  the  oxygen 
valve.  He  must  know  every  detail  of  the  machine;  must  be 
taught  how  to  examine  and  test  every  part  of  his  machine;  also 
the  principle  upon  which  the  machine  works  and  its  effect  upon 
the  wearer.  Following  this  a  thorough  and  systematic  training 
in  the  use  of  the  apparatus  under  conditions  as  nearly  akin  to 
those  h-e  would  meet  in  actual  work  as  it  is  possible  to  make 
them.  Unless  men  are  properly  trained  to  use  and  test  the 
apparatus,  then  we  cannot  justly  lay  the  blame  on  the 
apparatus  when  accidents  occur,  and  I  venture  to  state  that  the. 

(X) 
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majority  of  accidents  that  have  occurred  to  wearers  of  rescue 
apparatus  have  been  due  either  to  the  lack  of  proper  precautions 
before  putting  the  apparatus  into  use,  or  to  the  inexperience  of 
the  men  using  them. 


Discussion 


Mr.  F.  Aspinall:  "I  desire  to  point  out  that  in  my  paper 
to  which  Mr.  Graham  alludes,  I  did  not  make  the  statement 
he  attributes  to  me.  He  will  find  that  I  wrote  (Trans. 
C.  M.  I.,  vol.  xvi  p.  462)  :  'The  tw^o  great  requirements  in 
a  suitable  form  of  mine  value  apparatus  are: — 1st,  safety, 
2nd,  economy.' 

Mr.  Lewis  Stockett:  "One  point  emphasized  by  Mr. 
Graham  is  unquestionably  important  and  conclusive.  It  is 
that  these  apparatus  are  valueless  unless  men  are  properly 
trained  in  the  use  of  them.  That  there  should  be  constant 
training  is,  I  think,  of  greater  moment  than  the  question  of 
type  of  apparatus.  At  present  Ihave  not  made  up  my  mind 
which  type  is  superior." 

Mr.  R.  H.  Morris:  "Some  additional  information  re- 
specting the  pulmotor  would  be  of  interest." 

Mr.  Robert  Livingston:  "Here  is  an  instance  of  what 
the  pulmotor  will  accomplish.  At  Lethbridge,  two  men 
working  in  a  cellar  of  a  house  were  overcome  by  natural  gas. 
This  occurred  at  9  o'clock  at  night.  They  were  not  dis- 
covered until  8  o'clock  the  following  morning,  having  thus  been 
unconscious  for  eleven  hours.  They  were  removed  to  the 
hospital,  and  an  attempt  was  made  to  resuscitate  them  by  the 
usual  means  of  producing  respiration  artificially.  The  pul- 
motor working  at,  I  believe,  about  twenty  atmospheres,  was 
then  applied.  One  man  revived  in  twenty  minutes  or  so,  but 
the  other  case  proved  more  obstinate.  Before  the  man  showed 
signs  of   life  no  less  than  seven  small  tanks  of  oxygen  had  been 
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used.  The  day  was  a  Saturday,  and  for  three  hours  at  a 
stretch,  with  intervals  l)etween  for  the  a])plication  of  the 
inhaler,  the  pulmotor  treatment  was  maintained  until  the 
following);  Sunday  morning.  On  Sunday  the  inhaler  was 
applied  for  periods  of  five  minutes.  On  the  Monday  morning 
the  man  recovered  consciousness,  and  at  the  end  of  about  ten 
days  from  the  time  he  entered  the  hospital  was  out  and  as 
well  as  ever.  The  doctors  had  regarded  this  case  as  quite 
hopeless." 


THE   COAL   RESOURCES   OF   THE   WORLD— 
A   SUMMARY* 

By  D.  B.  DowLiNG,  Ottawa,  Ont. 

(Annual  Meeting,  March,  1914.) 

The  report  on  the  world's  supply  of  coal  contained  in 
the  great  monograph  recently  published  by  the  Twelfth 
International  Geological  Congress,  shows  that,  although 
within  the  last  century  a  great  amount  of  this  fuel  has  been 
consumed,  a  much  larger  reserve  than  was  expected  is  available 
for  extraction. 

Most  of  the  total  reserve  of  coal  specified  in  the  monograph 
can  be  readily  extracted;  a  part,  however,  will  be  won  with 
difficulty;  a  part  will  be  lost  in  mining  and  a  part  lies  too 
deeply  buried  to  be  mined  except  at  great  expense.  The 
reductions  in  the  amount  of  the  reserve  that  might  be  made 
on  account  of  the  above  considerations  will  probably  be 
largely  offset  by  the  discovery  of  additional  coalfields  so 
that  the  total  tonnage  estimated,  namely  7,397,553  millions, 
may  fairly  be  considered  to  be  the  available  reserve.  The 
question  of  how  much  of  this  reserve  is  mineable  under  present 
conditions  cannot  exactly  be  stated;  and  how  long  it  will 
last  is  a  problem  that  admits  of  a  continually  changing  solution, 
dependent  on  the  needs  of  the  time  and  the  use  made  of  other 
fuels  and  powers. 

It  is  estimated  that  about  40  million  tons  of  coal  has 
been  consumed,  which  is  but  a  small  fraction  of  the  total 
reserve  (1  180,000);  but  locally,  as  in  Europe,  the  problem 
of  the  duration  of  this  supply  is  already  deemed  worthy  of 
serious  attention,  and  there,  importation  from  other  regions 
will  shortly  have  to  be  resorted  to;  e.g.:  France  will  soon 
import  coal;  Switzerland  can  mine  all  her  reserve  in  a  few 
years;  and  Belgium's  misgiving  as  to  the  future  is  indicated 
by  the  gratification  shown  at  the  discovery  of  a  new  concealed 

*  Published  by  permission  of    the    Executive  Committee  of  the    XII.    In- 
ternational Geol.  Congress. 
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Distribution  of  Coal  by  Continents. 
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area.  The  coalfields  of  North  America  contain  a  much  larger 
reserve  than  those  of  any  other  continent,  but  they  are  being 
mined  at  a  very  prodigal  rate.  The  reserves  of  Asia,  which 
are  probably  underestimated,  are  not  being  very  vigorously 
attacked,  as  yet.  The  relative  distribution  of  the  reserves 
by  continents  appear  below: 

X.  America  5,073,431,000,000  tons 

Asia  1,279,586,000,000      " 

Europe  784,190,000,000      " 

Oceania  170,410,000,000     " 

Africa  57,839,000,000      " 

S.   America  32,097,000'000     " 

7,397,553,000,000  tons 

Of  the  many  varieties  of  coal  included  in  the  returns 
published  in  the  monograph,  it  seems  possible  to  generalize 
on  only  three  principal  divisions,  namely: 

A.  The  coals  with  large  percentages  of  fixed  carbon, 
including,  besides  the  anthracites,  the  dry,  non-coking  coals 
that  burn  with  short  flame. 

B.  and  C.  The  bituminous  coals,  including  some  of  the 
non-coking,  but  free  burning  coals,  and  the  coking  coals  burn- 
ing with  long  flame.  The  cannel  coals  and  coals  with  very 
high  volatile  are  classed  under  C.  • 

D.  The  sub-bituminous  coals — those  with  moisture 
enough  to  cause  slackening  on  drying  and  the  lignites. 

The  reserves  in  million  tons  for  the  continental  areas, 
arranged  under  these  three  divisions,  are: 


N.  America 

Asia 

Europe 

Oceania 

Africa 

S.  America 


A 


21,842 

407,637 

54,346 

659 
11,662 

700 

496,846 


B  &  C 


D 


2,239,683 

760,098 

693,162 

133,481 

45,123 

31,397 

3,902,944 


2,811,906 

111,851 

36,682 

36,270 

1,054 


2,997,763 


Totals 


5,073,431 

1,279,586 

784,190 

170,410 

57,839 

32,097 

7,397,553 
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Anthracitic  Varieties 

In  reviewing  the  distribution  of  the  coals  of  class  yl,  the 
anthracitic  varieties,  it  is  at  once  apparent  that  the  great 
bulk  of  these  coals  is  in  Asia.  The  province  of  Shansi,  China, 
which  lies  south  west  of  Pekin,  is  credited  with  75%  of  the 
anthracite  coal  of  Asia,  and  almost  all  the  remainder  is  credited 
to  other  parts  of  China.  In  French  Indo-China,  a  small 
field  near  Tonkin  is  estimated  to  contain  as  much  as  the 
Pennsylvania  fields.  In  Europe,  which  is  next  in  importance, 
the  largest  field  is  the  Donetz  basin  of  southern  Russia  and 
the  smallest  the  Portugese  field. 

Aiithracitic  Coal  Reserve   of  Europe. 

Russia,    Donetz    Basin    .  .       37,599  million  tons 

British  Isles,  South  Wales  8,685 
Scotland  .  .  2,500 
Ireland    ...         172     11,357      "  " 

France,  Ardennes  massif      .      .         3,271      "  " 

Spain 1,635      "  " 

Netherlands  320      "  " 

Italy 144      "  " 

Portugal 20      "  " 

In  America  the  disturbed  fields  of  eastern  Pennsylvania 
contain  the  larger  part  of  the  highly  altered  coals.  Although 
occasional  areas  in  the  mountain  regions  of  the  Cordilleras 
contain  important  reserves  of  this  coal,  much  of  the  British 
Columbia  anthracites  are  found  in  the  northern  part  of  the 
province,  a  region  that  has  not  been  thoroughly  explored  or 
mapped  and  the  reserve  in  this  case  may  be  larger  than  that 
given  in  this  estimate. 

Anthracite  Coal  Reserves  of  North  America. 
United  States 

Eastern  States       ....      16,906 

Alaska 1,931 

Rocky  Mtn.  and  Coast  States  484 

Interior  States       ....  363     19,684  million  tons. 

Canada, 

British  Columbia        .      .      .        1,350 

Alberta 768 

Yukon 40       2,185      "  " 
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Anthracite  Coal  Reserves  of  South  America. 
Peru 700  million  tons 

The  anthracitic  coal  of  Africa  is  found  in  the  southern 
part,  principally  in  Zululand  and  Natal;  a  reserve  of  4,700 
million  tons  is  estimated  for  Natal  and  6,000  million  tons 
for  Zululand.  Small  amounts  in  other  parts  of  South  Africa 
add  960  million  tons  to  the  total  for  Africa.  The  only  anthra- 
cite reported  in  the  Pacific  islands  is  found  in  Queensland, 
northern  Australia,  in  disturbed  areas  in  the  Permo-Carboni- 
ferous  where,  locally,  areas  are  found  containing  coal  con- 
siderably lower  in  volatile  matter  than  the  average. 

Bituminous  Coals 

The  bituminous  coals  of  the  world  form  by  far  the  greater 
part  of  the  whole  reserve,  namely,  nearly  4,000,000  million 
tons  out  of  the  total  of  a  little  over  7,000,000  million  tons. 
It  will  be  possible,  in  this  review,  to  add  only  a  few  special 
notes  regarding  the  bituminous  coals;  for  general  details  the 
accompanying  tables  and  maps  may  be  referred  to  or  the 
original  monograph  may  be  consulted.  American  coals  are 
found  in  rocks  of  Palaeozoic,  Mesozoic  and  Tertiary  age. 
The  younger  coals  are  generally  speaking  more  friable  than 
the  older  coals.  In  South  America,  Permo-Carboniferous 
coals  occur,  so  far  as  they  are  known,  in  thin  seams,  divided 
by  slate  and  are  hard  to  prepare  for  market.  The  coals  of 
the  West  Coast  are  of  Cretaceous  or  Tertiary  age  and  are 
high  in  volatile  matter,  while  some  in  Venezuela  and  Argentine 
are  reported  to  be  formed  from  bituminous  matter. 

The  coals  of  Japan  and  the  East  Indian  Islands  are  nearly 
all  of  Tertiary  age  and  are  high  in  volatile  matter  and  in  that 
respect  approach  the  sub-bituminous  coals  of  North  America, 
but,  unlike  them,  they  are  capable  of  withstanding  weathering 
and  transhipment. 

SUB-BITUMINOUS     AND     LiGXITIC     COALS     AND     LiGXITES 

The  problem  of  the  use  of  the  low  grade  fuels  has  been 
given  considerable  attention  in  Germany,  Austria,  and  southern 
Russia;    but  the  returns  received  for  the  whole  world  show 


The  Coal  Rksouucks  of  tiik  World — Dowlixc;      379 

that  those  reserves  are  of  the  greatest  iinporlaiiee  in  North 
America  and  Siberia;  in  North  America,  over  half  the  total 
reserve  is  of  a  class  of  coal  that  does  not  stand  weatliering 
well.  In  the  case  of  a  few  of  the  reports  from  other  parts  of 
the  world,  we  are  not  snre  that  these  coals  have  been  considered 
in  the  estimate  of  the  reserves. 

Coalfields  of  North  America 

This  continent  is  particularly  well  supplied  with  fossil 
fuel,  the  Carboniferous  deposits  of  the  east  and  the  Mesozoic 
and  Tertiary  deposits  of  the  west  containing  about  two-thirds 
of  the  estimated  coal  reserves  of  the  world. 

Palccozoic  Coah. 

In  the  far  north,  a  large  possible  reserve  is  contained  in 
beds  supposed  to  lie  below  the  marine  limestone  of  the  Carboni- 
ferous, in  that  respect  resembling  the  deposits  of  the  Urals 
and  the  Moscow  basin  of  Russia.  Small  deposits  are  also 
found  in  the  Lower  Carboniferous  on  the  Alaska  coast  and 
possibly  in  Nova  Scotia.  The  Carboniferous  coal-bearing 
formations  of  Europe  are  here  represented  by  the  Pennsyl- 
vania formation  w^hich  underlies  the  large  coal-bearing  areas 
of  the  eastern  and  central  United  States  and  the  smaller 
ifields  of  New  Brunswick,  Nova  Scotia  and  Newfoundland. 

Mesozoic  Coals. 

Triassic  deposits  containing  coal-seams  are  found  in 
western  and  southern  Mexico  and  in  North  Carolina  and 
Virginia.  Jurassic  deposits  containing  coal  are  reported  on 
the  coast  of  Greenland  and  on  the  arctic  coast  of  Alaska.  In 
western  Canada,  the  deposits  that  immediately  succeed  the 
marine  Jurassic  are  specially  rich  in  coal  beds  and  form  im- 
portant coalfields  in  British  Columbia,  the  Yukon  Territory 
and  the  Rocky  Mountain  region  of  Alberta.  They  are  referred 
to  the  Lower  Cretaceous  and  are  succeeded  by  marine  and 
fresh-water  deposits  of  Cretaceous  age  W'hich,  over  great 
areas  of  the  interior  plains  and  in  the  Rocky  Mountains 
south  of  the  Canadian  line,  are  coal-bearing  at  several  horizons. 
The  coal  found  on  the  islands  lying  off  the  coast  of  British 
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Fig.  2 

Coalfields  of  North  America. 
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(\)luiul)ia  hcloiigs  lo  the  Middle  and  Upper  Cretaceous. 
The  Cretaceous-Tertiary  transition  beds  ol*  the  inlcrior  ])lains 
of  tlie  United  States  and  Canada  are  specially  rich  in  coal 
deposits.  Deposits  of  similar  age  are  found  in  northern  Mexico, 
in  the  Yukon  and  Colville  River  basins  and  on  [\\v  west  coast 
of  Greenland. 

Tcrtiarij  (\)als. 

Tertiary  deposits  in  which  coal  is  found  (generally  in 
the  form  of  lignite),  have  a  wide  distribution.  Most  of  the 
coalfields  of  Central  America  and  of  the  Gulf  region  of  Mexico 
and  the  United  States,  of  large  areas  in  the  Pacific  coast 
States  and  in  British  Columbia,  of  a  large  area  in  Alaska 
and  areas  on  the  Arctic  coasts  and  islands,  belong  to  the  Eocene. 
Some  of  the  Miocene  beds  in  the  Rocky  Mountains  and  Mexico 
are  coal-bearing.  Recent  deposits  approaching  lignite  are 
found  in  northern  Ontario  and  in  southern  British  Columbia. 

Neicfoiindland. — In  Newfoundland  an  area  of  Carboni- 
ferous rocks  on  the  south  side  of  St.  George's  Bay  and 
another  on  the  shores  of  Grand  Lake  are  known  to  carry 
coal.  The  beds  are  folded  into  synclinal  troughs  and  mine 
seams  of  bituminous  coal  are  known  to  occur  in  them. 

Canada. — In  Nova  Scotia,  the  coal  measures  occur  in  a 
number  of  detached  areas;  but  are  very  important  on  account 
of  the  many  valuable  seams  they  contain.  The  principal 
areas  in  order  of  importance  are  the  Cape  Breton  areas,  the 
Pictou  field  and  the  Springhill-Joggins  area.  Active  mining 
is  being  prosecuted  in  all  these  fields.  In  New  Brunswick  only 
the  lower  part  of  the  coal  measures  is  found  and,  although 
the  coal-bearing  beds  cover  a  large  area,  the  seams  are  thin 
and  the  output  of  coal  is  small.  Ontario  is  credited  with  a 
small  amount  of  post-Pliocene  lignite  which  is  found  on  the 
James  Bay  slope.  Manitoba  has  a  small  reserve  of  lignite 
in  the  Eocene  beds  of  the  southern  part  of  the  Province,  but 
no  present  use  is  being  made  of  it.  Saskatchewan  is  well 
provided  with  sub-bituminous  coal  and  lignite.  The  coal 
of  the  Tertiary  areas  of  the  southern  part  is  being  mined  and 
it  is  expected  that  the  seams  underlying  a  large  area  of  Cre- 
taceous rocks  in  the  western  part  of  the  province  will  also  be 
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mined.  The  Province  of  Alberta  is  the  coal  province  of  the 
Dominion.  The  prairie  sections  are  underlain  throughout 
large  areas  by  coal-bearing  Cretaceous  rocks.  The  coal  varies 
from  lignite  in  the  east  to  true  coal  in  the  vicinity  of  the  foot- 
hills. In  the  mountains  and  foothills,  the  coal-bearing  portion  of 
the  Lower  Cretaceous  are  exposed  and  in  places  the  sections 
contain  an  aggregate  of  from  100  to  200  feet  of  coal.  Coal 
mining  is  general;  on  the  plains  small  mines  have  been  opened 
for  domestic  supply  and  in  the  mountains  more  pretentious 
operations  are  carried  on  for  steam  coal.  In  British  Columbia 
the  coals  are  mainly  Cretaceous  in  age.  Those  being  mined 
are  steam  coals  and  the  bulk  of  the  output  is  taken  from  the 
mines  of  Vancouver  Island  and  the  Crowsnest  mines  of  the 
Rocky  Mountains.  Certain  Tertiary  areas  in  southwestern  British 
Columbia  are  proving  to  be  of  value  as  coalfields.  Anthracitic 
coals  in  the  northern  interior  form  a  large  reserve  which  will 
become  available  with  the  advent  of  transportation  facilities. 
In  the  Yukon,  anthracitic  coals  are  found  near  Whitehorse. 
Bituminous  coals  occur  at  several  localities  and  are  mined 
at  Tantalus  and  lignite  occurs  in  large  areas  near  Dawson. 
The  Arctic  islands  contain  deposits  of  Carboniferous  age, 
in  the  lower  part  of  which  bituminous  and  cannel-like  coals 
have  been  reported  to  occur.  The  total  area  for  which  an 
estimate  is  made,  including  all  coal-bearing  rocks  in  Canada, 
is  over  100,000  square  miles  in  extent. 

United  States. — Pennsylvania  supplies  the  greater  amount 
of  anthracite,  but  there  are  a  few  other  anthracite  fields  in 
the  west,  the  largest  of  which  is  in  Gunnison  county,  Colorado. 
Semi-anthracite  is  mined  in  Sullivan  county,  Pennslyvania, 
and  there  are  small  areas  in  Virginia  and  Arkansas  in  which 
altered  coals  of  this  grade  are  found.  Of  the  high-grade 
steam  coals  classed  as  semi-bituminous,  the  principal  fields 
are  Clearfield  in  Pennsylvania,  Georges  Creek  in  Maryland, 
New  River  and  Pocahontas  in  Virginia  and  the  West  Virginia 
and  Arkansas  fields.  Bituminous  coal  is  mined  in  the  great 
Appalachian  region  and  in  the  states  bordering  the  Mississ- 
ippi valley.  The  sub-bituminous  coals  and  lignites  may  be 
said  to  be  distributed  throughout  all  the  fields  of  the  western 
states  and  the  great  plains. 
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Alaska. — The  coalfields  of  Alaska  are  estimated  to  occupy 
a  total  area  of  several  thousands  of  square  miles.  The  Bering 
River  and  Matanuska  fields  contain  the  best  grade  of  coal 
and,  beside  bituminous  coal,  there  is  a  large  reserve  of  the 
anthracitic  varieties.  The  Alaska  peninsula  and  the  Cape 
Lisbourne  fields  also  have  coals  of  good  grade.  The  large 
reserve  of  lignite  in  the  Cook  Inlet  fields  is  considered  to  be 
of  great  value. 

Mexico. — The  coalfields  lying  along  the  Texas  border 
are  the  most  important  in  Mexico  and  mining  is  being  prosecuted 
at  Eagle  Pass  and  in  the  Sabinas  and  Barroteran  districts. 
The  seams  mined  are  in  Cretaceous  rocks,  but  Tertiary  coals 
are  also  found  bordering  the  Gulf  as  they  are  in  Texas. 

Greenland. — The  Cretaceous  and  Tertiary  rocks  found 
on  the  coast  beneath  heavy  Tertiary  trap  flows  are  in  places 
coal-bearing.  The  seams  have  been  mined,  locally,  by  the 
natives  and  some  of  the  arctic  expeditions  have  obtained 
small  supplies  at  Disko  island  on  the  west  coast. 

Coalfields  of  Europe 

Coal  is  found  in  commercial  quantities  in  nearly  all  the 
independent  political  divisions  of  Europe.  In  some,  the 
reserve  is  nearly  exhausted,  as  in  Switzerland;  in  others 
the  large  production  is  rapidly  depleting  the  reserve,  and  in 
Europe  as  a  whole  the  duration  of  the  coal  supply  is  a  matter 
for  serious  consideration.  The  principal  anthracite  fields 
are  the  Donnetz  basin  in  Russia  and  the  Welsh  and  Scottish 
fields  of  Great  Britain.  In  France,  Spain,  and  Portugal,  also, 
hard  coals  are  mined.  The  largest  reserves  of  bituminous 
coal  are  in  the  Belgium-German  basins,  although  the  British 
fields  are  the  more  easily  exploited  and  a  larger  percentage 
of  their  reserves  will  be  extracted.  Of  the  brown  coals,  Germany 
and  Austria  have  about  the  same  reserve,  and  they  are  making 
extensive  use  of  these  fields.  The  great  bulk  of  the  coal  de- 
posits were  formed  in  Upper  Carboniferous  time;  but  earlier 
and  later  coals  also  occur.  The  brown  coals  are  mainly  of 
Tertiary  age. 
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Clrcut  Britain  ami  Irclaud. — South  Wales  coiilaiiis  a 
large  coalfield  in  which  both  aiithracitic  and  hituniinous 
varieties     are     found.       Somerset     and     (iloucesler     coalfields 


have  coal  seams  in  the  upper  and  lower  part  of  the  coal  measures, 
separated  by  the  Pennant  sandstone.  Several  important 
though    small    coalfields    occur   in    the    Midlands.      The   coal- 
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fields  of  Lancashire  and  Cheshire  are  not  at  present  well' 
defined  as  to  their  southern  border  and  their  extension  in 
that  direction  is  being  proved  by  boring.  The  measures  in 
the  fields  of  North  Wales  also  dip  beneath  newer  rocks  and 
are  probably  mineable  beneath  the  Dee.  The  largest  coal- 
bearing  area  is  situated  in  Yorkshire,  Derbyshire  and  Not- 
tinghamshire. In  Northumberland  and  Durham  the  coal 
measures  dip  to  the  east  and  a  submarine  area  is  included 
in  the  estimate.  Another  submarine  area  is  that  under  the 
Sol  way  Firth.  Many  concealed  areas  connected  with  those- 
already  being  mined,  as  well  as  the  isolated  area  in  Kent,, 
are  also  included  in  the  list  of  coalfields.  In  Scotland,  coal 
seams  are  also  found  in  the  rocks  beneath  the  coal  measures 
and,  beside  bituminous  coals,  anthracite  is  found.  The  fields 
are  confined  to  the  southern  part  of  Scotland.  In  Ireland 
the  coal  seams  that  remain  occur  in  the  lower  part  of  the 
coal  measures,  denudation  in  Permian  times  having  removed 
much  of  the  upper  part.  The  fields  of  Ballycastle,  Tyrone,. 
Lough  Allen  and  Leinster  are  the  principal  bituminous  fields 
and  anthracitic  coal  is  mined  in  Tipperary. 

France. — The  coalfields  of  France  are  relatively  small,, 
but  are  widely  scattered.  Anthracite  and  bituminous  coals 
are  found  in  the  Carboniferous  and  Permian,  and  lignite  in. 
newer  rocks.  The  anthracite  coal  is  found  in  the  central 
massif  and  north  of  the  Ardennes  and  in  a  few  places  in  the 
mountainous  regions,  while  the  lignite  areas  are  confined 
mostly  to  the  south. 

Spain. — Coal  is  found  in  many  small  areas  in  Spain,, 
the  principal  fields  being  in  the  northwest  provinces  of  Asturias 
and  Leon,  where  the  beds  are  of  Carboniferous  age.  Brown 
coals  of  later  age  are  also  found,  the  principal  areas  being  in. 
the  province  Teruel. 

Portugal. — The  principal  coalfields  of  Portugal  consist  of 
two  small  areas  of  coal  measures  containing  a  small  reserve 
of  anthracitic  coal. 

Sicitzerland. — The  coal-bearing  measures  of  Switzerland 
are  confined   mainly  to  small  areas  of  very   much  disturbed 
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strain  in  llic  Alps.  TIio  toal  is  conse(iuently  highly  altered 
and  expensive  to  mine.  Small  reserves  of  brown  coal  also 
occur  in  the  Tertiary  rocks. 

Italy. — Small  areas  containing  anthracite  and  l)ituminous 
coal  occur  in  the  northern  part  of  Italy  and  in  Sardinia.  Ter- 
tiary lignites  form  a  large  part  of  the  output  of  the  mines, 
though  a  woody  lignite  of  Pliocene  age  is  also  extensively 
mined. 

Greece. — The  lignite  of  Coumi  is  the  only  coal  mined  in 
Greece,  though  lignites  are  known  to  occur  also  in  Euboea 
and  elsewhere. 

Turkey. — Small  areas  of  bituminous  and  cannel  coal 
occur  in  the  province  of  Adrianople,  on  the  Marmora  coast 
and  at  the  head  of  the  Gulf  of  Saros.  Tertiary  coals  are  mined 
at  Telvino  and  Triano. 

Bulgaria. — Two  anthracite  fields  are  situated  in  the 
Isker  valley  north  of  Sophia,  and  in  the  vicinity  of  Belgrade. 
Bituminous  coals  of  Cretaceous  age  occur  in  the  Balkans. 
Lignites  occur  in  many  localities,  but  six  only  of  these  are  of 
importance. 

Denmark. — Rhsetic-Triassic  coal  is  found  on  the  island 
of  Bornholm  and  Miocene  coal  in  Jutland;  these  coals  are 
lignitic  and  are  not  being  mined.  The  Tertiary  rocks  of 
the  Faroes  are  estimated  to  contain  some  50  million  tons  of 
lignite. 

Netherlands. — Coal  measures  outcropping  on  the  frontier 
underlie  the  greater  part  of  the  Netherlands  and,  as  the  area 
is  intersected  by  cross-faulting,  blocks  of  these  rocks  occur 
near  enough  to  the  surface  for  mining.  Five  areas  are  thus 
included  in  their  probable  coal  fields. 

Belgium. — Three  coal  basins  are  known  in  Belgium,, 
namely:  the  Dinant  field  which  is  about  worked  out,  the 
Namur  field  which  is  now  being  mined  and  the  newly  discovered 
Campine  field  in  the  north.  The  coal  seams  are  numerous 
but  thin.  Bituminous  and  cannel  coals  are  mined;  the  bitumin- 
ous, ranging  from  anthracitic  to  cannel,  being  of  the  most 
importance. 

(Y) 
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Germany. — The  largest  of  the  bituminous  coal  areas  of 
Germany  is  in  Westphalia  and  Rhine  province,  the  other 
important  areas  being  the  Saar,  Lower  and  Upper  Silesia 
and  left  of  the  Rhine  areas,  while  small  amounts  of  coal  are 
found  in  Saxony  and  other  districts.  Brown  coal  is  found  in 
Prussia  and  the  North  German  states  and  in  Saxony.  Smaller 
reserves  also  occur  in  Bavaria,  Hesse  and  Baden. 

Hungary. — The  Hungarian  coal  is  of  three  grades — bi- 
tuminous coal,  brown  coal  and  lignite.  It  occurs  in  many 
formations  from  the  Carboniferous  to  the  Tertiary.  None 
of  it  is  high  in  fixed  carbon.  The  principal  bituminous  fields 
are  near  the  Adriatic  and  in  the  valley  of  the  Danube.  Brown 
coal  and  lignite  fields  are  widely  scattered  over  the  country. 

Austria. — The  principal  bituminous  fields  of  Austria  are 
in  Bohemia  and  Silesia.  Small  areas  of  brown  coal  are  plenti- 
ful and  form  a  large  part  of  the  reserve. 

Bosnia  and  Horzegovina. — Practically  all  the  mineable  coal 
in  the  two  provinces  is  found  in  the  Tertiary  and  the  important 
areas  are  in  the  north  east  part  of  Bosnia.  Pliocene  deposits 
of  importance  occur  in  the  Tuzla  basin  where  seams  up  to 
20  metres  in  thickness  are  found. 

Montenegro. — Bituminous  coal  occurs  in  the  central  part 
of  the  kingdom,  in  the  south-eastern  corner  and  near  the 
Albanian  border. 

Servia. — In  Servia,  coal  of  good  grade  is  found  in  Carbon- 
iferous and  Triassic  strata,  but  it  is  impure  and  requires 
picking  and  washing.  The  Cretaceous  coal  is  of  better  cjuality 
and  occurs  in  thicker  beds;  it  is  mined  in  five  districts.  The 
Tertiary  strata  contain  a  large  reserve  of  coal  of  a  good 
domestic  variety. 

Roiimania. — Small  amounts  of  anthracite  are  mined  at 
Schela  in  the  Gorj  district  in  Roumania.  Bituminous  coal  is 
found  in  small  amounts  in  the  Carboniferous  and  Miocene, 
but  the  bulk  of  the  reserves  are  black  and  brown  lignites. 

Sireden. — Rhsetic-Triassic  rocks  in  Skane  in  the  southern 
part  of  the  peninsula  contain  coal  in  two  workable  seams, 
mining  in  this  district  dates  back  only  forty  years. 
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yorwai/. — Coal  is  known  to  occur  in  the  Jurassic  rocks 
of  Ando  island  on  the  north  coast  of  Norway  and  on  several 
of  the  arctic  islands.  On  Spitzbergen  Island,  Tertiary  coal  is 
being  mined,  and  coal  is  also  found  in  Jurassic  and  Carboni- 
ferous fornuitions. 

Russia. — The  coal  reserve  of  Russia  is  very  large.  The 
coals  are  of  many  grades  and  occur  in  widely  separated  basins 
throughout  the  Empire.  The  Dombrova  basin  in  Poland  on 
the  border  of  Silesia  is  a  continuation  of  the  coal  measures 
of  central  Europe.  The  field  is  intersected  by  faults  and  the 
coal  varies  from  dry  non-coking  in  the  lower  seams  to  bitumin- 
ous in  the  upper.  The  Moscow  basin  ])roduces  an  inferior 
brown  coal,  from  measures  of  Lower  Carboniferous  age. 
The  Donetz  basin  is  probably  the  most  important  in  the  quant- 
ity of  the  reserves  and  is  the  largest  anthracite  field  of  Europe. 
Tertiary  coals  have  a  wide  distribution  in  the  south-west 
provinces  and  are  being  mined  there.  On  the  western  slope 
of  the  Urals,  the  Lower  Carboniferous  beds  which  outcrop 
near  Moscow  and  in  the  Urals,  have  several  important  seams 
of  bituminous  coal  which  are  mined  where  they  occur  in  the 
vicinity  of  railways. 

Coalfields  of  Asia 

The  coalfields  of  Lidia  and  Japan  have  been  more  care- 
fully surveyed  than  those  of  China  and  Siberia;  for  the  latter 
the  estimate  must  be  considered  as  only  a  preliminary  one. 
In  India  and  China  the  coal-bearing  rocks  of  importance 
are  Permo-Carboniferous  in  age.  In  Japan  the  important 
coal  measures  are  of  Miocene  age  and  in  Siberia  the  deposits 
in  which  coal  is  found  range  in  age  from  Lower  Carboniferous 
to  recent. 

Siberia. — On  the  east  slope  of  the  Urals,  coal  is  found 
in  rocks  of  several  ages — Lower  Carboniferous,  Mesozoic 
and  Tertiary.  The  Carboniferous  areas  are  in  narrow  troughs 
and  the  beds  are  much  disturbed  by  folds  and  faults.  The 
Rhsetic  areas  are  small  detached  basins.  Workable  coal 
seams  are  found  in  the  Lower  Cretaceous  and  Tertiarv  rocks. 
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In  the  Caucasus,  coal  is  found  in  Jurassic  and  Tertiary 
rocks.  The  areal  extent  is  large,  but  most  of  the  workable  seams 
lie  in  mountainous  areas  difficult  of  access.  The  coal  is  a  bi- 
tuminous, coking  coal,  of  good  quality. 
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The  coals  of  Turkestan  are  of  poor  quality  and  are  used 
only  because  of  the  scarcity  of  wood.  Coal  measures  under- 
lying the   Kirghiz  steppes  are  found  in  small  basins   and  in 
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places  coiilain  inii)()rlanl  scams.  The  coal  varies  from  coking 
bituminous  to  anthracite.  'J'ertiary  coal  also  occurs  in  Turkes- 
tan   and   is    mined   at    one   locality    by   an    English   company. 

In  the  Sudjensk  basin  as  many  as  seventeen  seams  occur 
in  the  measures;  the  coal  is  coking.  In  the  Kuznetzky  basin 
two  mines  are  in  operation.  The  coal  is  partly  gas-coal  and 
partly  a  harder  variety. 

Permian  coal  measures  are  found  in  Minussinsk  where 
three  coalfields  exist  within  a  radius  of  22  miles.  From  two 
to  four  workable  seams  of  sub-bituminous  to  bituminous 
are  found  in  the  mines.  In  the  valley  of  the  Yenisei  river 
many  discoveries  of  coal  have  been  made  since  the  opening 
of  the  railway.  x-Vlong  the  Angara  river,  coal-bearing  beds 
occur  for  a  distance  of  120  miles  and  for  a  long  distance  on 
the  Lower  Tunguska  river.  The  age  of  the  beds  is  probably 
Permian.     Tertiary  coal  also  occurs  in  this  region. 

In  Irkutsk,  a  long,  narrow  basin  of  Jurassic  rocks 
contains  in  the  main  a  coal  that  may  be  described  as  a 
browm-coal,  but  in  part  it  is  of  coking  quality.  In  the  Trans- 
Baikal  province  many  small  areas  of  coal-bearing  rocks  are 
found.  They  contain  coal  mostly  bituminous  in  character. 
In  the  Amour  and  Primorski  region,  Jurassic  coal-bearing 
beds  cover  large  areas,  and  seams  of  workable  thickness  are 
found  to  extend  east  as  far  as  the  Sea  of  Japan.  Brown  coal 
is  known  in  this  district,  but  the  extent  and  quality  of  the 
seams  have  not  been  proved. 

The  Tertiary  coalfields  of  Sakhalien  have  not  been  tho- 
roughly explored  though  the  coal  is  mined  in  the  district  of 
Rudnik.  The  coals  are  coking  and  are  generally  of  high  carbon 
content. 

China. — The  coalfields  of  the  extreme  western  provinces 
are  not  well  known,  but  have  been  explored  sufficiently  to 
justify  the  conclusion  that  they  may  prove  extensive.  In 
the  other  provinces,  coal  is  widely  distributed.  Two  of  the 
coal-bearing  areas  are  very  large.  The  northern  field  covers 
most  of  the  southern  part  of  Shansi  and  part  of  Chili,  and 
the  southern  one  extends  in  isolated  patches  and  large  fields 
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over  southern  Honan,  Kueichou,  Yunnan  and  Szecliuan. 
Coal  occurs  in  the  rocks  of  several  periods,  but  is  most  im- 
portant in  the  Permo-Carboniferous.  The  coals  range  from 
dry,  hard  anthracites  to  lignites. 

Corea. — Anthracitic  coal  with  high  moisture  content  is 
found  in  the  Carboniferous,  but  the  deposits  of  most  importance 
are  found  in  the  Mesozoic,  and  most  of  the  coal  mined  (in 
the  Phyong-an-do  district),  is  of  that  age. 

Manchuria. — Although  much  of  the  coal  mined  in  Man- 
churia is  bituminous  in  quality  and  derived  from  Tertiary 
rocks,  bituminous  and  semi-anthracitic  coals  are  found  in 
Jurassic  rocks  and  semi-anthracite  and  anthracite  in  the 
Carboniferous. 

Japan. — The  most  important  coal  deposits  of  Japan  are 
found  in  the  Tertiary,  in  beds  of  Miocene  age.  Triassic  coal 
occurs  in  the  province  of  Bitchu  and  Rhsetic  coal  in  Nagato. 
Jurassic  areas  contain  coal  of  little  importance.  Cretaceous 
coals  are  found  in  the  island  of  Amakusa.  In  character  the 
coals  of  the  Mesozoic  are  mostly  semi-anthracite,  while  the 
Miocene  coals  (the  coals  mostly  mined),  are  bituminous 
coals  with  a  high  volatile  content.  Honshu,  the  largest  island, 
has  probably  the  largest  coalfields. 

Malay  States. — Very  little  has  been  done  in  the  way  of 
coal-exploitation  in  the  Malay  States,  though  by  boring  a 
twenty-foot  seam  has  been  found  near  Rawang.  The  coal  is 
lustrous  with  a  conchoidal  fracture  and  burns  with  a  long 
smoky  flame. 

Siam. — No  coal  mining  is  carried  on  in  Siam;  but  brown 
coal  is  reported  to  occur  in  several  districts. 

India. — The  important  fields  of  India  are  underlain  by 
Permo-Carboniferous  rocks — the  Gondwana  formation;  two 
stages  in  the  central  division  of  this  formation  are  coal-bearing. 
The  mass  of  the  peninsula  is  made  up  of  crystalline  rocks 
into  which  patches  of  the  coal-bearing  series  have  been  inset 
by  faulting.  An  area  of  over  3,000  square  miles  is  considered 
to  be  coal-bearing  and  beside  this  Mesozoic  and  Tertiary 
rocks  constitute  other  valuable  coal  areas. 
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Persia.  -Iiiriissic  coal  is  iiiiiu'd  in  the  'i'cluMaii  coalfield 
ol"  Persia  ami  is  apparently  of  a  good  bilmuiiious  <;rade.  Mining 
is  earried  on  in  a  very  ])riniilive  way  anil  the  ouLi)uL  is  small. 

Indo-Chhid. — -At  Tonkin,  in  Indo-CIhina,  a  small  area  of 
coal-bearing  beds  of  Rhsetic  age  contains  several  thick  beds  of 
anthracite.  The  annual  output  is  reported  to  be  about  300,000 
tons.  Coal  of  aboul  I  he  same  grade,  but  in  smaller  quantity, 
is  found  also,  near  AnnauL 

Arabia. — The  only  workable  beds  of  coal  in  Arabia  seem 
to  be  those  of  Oman,  where  several  seams  are  known  to  occur 
though  as  yet  no  mining  is  done.  The  coal  is  a  light  bituminous 
coal. 

Coalfields  of  the  Pacific  Islands. — Oceania. 

The  oldest  coals — Permo-Carboniferous  in  age — are  found 
in  Australia  and  Tasmania.  Mesozoic  coals  in  thin  seams  occur 
in  Australia,  New  Zealand  and  Tasmania,  constituting  in  the 
latter  island  the  principal  coal  measures.  The  Tertiary  rocks 
are  coal-bearing  and  are  found  in  important  areas  on  nearly 
all  the  islands;  they  form  the  principal  coal  measures  of  the 
East  Indian  islands  and  New  Zealand.  In  Tasmania  and  the 
southern  part  of  x\ustralia  a  large  unestimated  reserve  of  brown 
coal  is  to  be  found  in  these  Tertiary  rocks. 

Neiv  South  Wales. — In  the  eastern  portion  of  New  South 
Wales  an  area  of  16,550  square  miles  is  underlain  by  the 
coal-bearing  series.  The  seams  aggregate  68  to  78  feet  of 
bituminous  coal. 

Victoria. — The  coals  of  Victoria  are  of  two  classes,  Jurassic 
black  coal  (a  good  steam  and  domestic  fuel  and  the  only  coal 
mined  at  present),  and  Tertiary  brown  coal  or  lignite,  which 
occurs  in  deposits  of  uneven  thickness.  The  lignites  have 
been  found  by  boring  to  be,  in  places,  in  extraordinarily  thick 
masses,  seams  of  265  feet  occurring  in  a  section  in  which 
in  1,000  feet  of  beds,  781  feet  of  lignite  were  found. 

Queensland. — Permo-Carboniferous  measures  form  a  large 
area  in  the  south-eastern  part  of  Queensland,  and  several 
very  thick  seams  are  known  to  lie  in  these   measures.     The 
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Trias-Jura  measures,  along  the  coast  near  Brisbane  and 
inland,  have  supplied  most  of  the  coal  mined  to  the  present. 
Cretaceous  measures  in  the  interior  are  known  to  contain 
coal,  but  it  is  not  of  high  grade.  Some  anthracite  coal  which 
is  found  in  the  older  measures  is  included  in  the  estimate 
for  Queensland,  though  the  reserve  is  mostly  of  bituminous 
coal. 


South  Australia. — Although  in  South  Australia  coal  is 
known  in  the  Tertiary,  the  Lower  Cretaceous  and  the  Jurassic, 
mining  has  been  attempted  in  the  Jurassic  measures  at  Leigh's 
Creek  only.  Brown  coals  are  found  in  the  Cretaceous  of  the 
interior,  near  the  artesian  water  strata,  but  can  be  mined  only 
with  difficulty. 
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7'<i.s///a/n"a.  "IVrino-Carhouircrotis  measures  are  ioiiiid  in 
the  north-western  i)art  of  Tasmania.  The  seams  are  thin,  hut 
of  good  (|uaHty.  The  Mesozoic  coals  are  the  most  important; 
they  are  found  in  tlie  eastern  part  of  the  ishmd. 

We.'iicnt  A  ii.sf rali a. ^'Wvo  coalfields  only  are  known  in 
Western  Australia,  one  in  the  north,  at  liiveringa  station 
and  the  other  in  the  south.  Tlie  southern  district  is  known  as  the 
^Collie  field  and  is  being  actively  mined  at  the  present  time. 

New  Zealand. — The  coals  of  New  Zealand  are  mainly 
of  Tertiary  age.  The  seams  contain  a  light  bituminous  coal 
and  are  lenticular  in  section.  The  maximum  thickness  of  some 
of  the  lenses  is  80  feet  in  the  lignite  seams,  50  to  60  feet  in 
the  brown  coal  seams  and  about  50  feet  in  the  bituminous 
seams. 

East  Indian  Islands. — All  the  coal  of  the  group  of  East 
Indian  Islands,  including  the  Philippine  islands,  occurs  in 
Tertiary  rocks,  generally  of  Miocene  age.  The  coal,  like  that 
in  Japan,  is  bright  and  withstands  weathering.  It  is  not  high 
in  fixed  carbon  content;  but  answers  fairly  well  for  steaming 
purposes. 

Coalfields  of  Africa 

No  coal  deposits  are  known  in  northern  Africa.  Small 
deposits  of  Tertiary  age  have  been  found  in  Abyssinia;  and 
in  southern  Nigeria  important  Tertiary  and  Cretaceous 
coal-bearing  beds  are  being  explored,  and  a  lignite  briquetting 
industry  may  be  established  there.  The  coal-bearing  formations 
of  southern  Africa  are  all  included  in  the  Karroo  system  (Car- 
boniferous to  Jurassic),  and  cover  extensive  tracts  of  country. 
Coal  is  found  in  the  Ecca  series,  Permo-Carboniferous  in  age, 
and  coal  of  this  age  forms  the  principal  reserve  of  Rhodesia 
and  Nyassaland  and  an  important  reserve  in  the  Belgian 
Congo.  The  coal-bearing  rocks  of  Transvaal  and  Madagascar 
are  the  Beaufort  series,  Permian  in  age. 

In  Rhodesia,  coal  is  being  mined  in  the  Wankie  field 
jfrom  a  seam  6  to  123^^  feet  thick. 

In  Nyassaland,  several  seams  are  known,  having  an  ag- 
gregate thickness  of  from  6  to  223^  feet.  The  coal  is  bituminous 
and  in  places  jnakes  good  coke. 
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Fig.  7 
Ctalfields  of  Africa. 
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111  I  he  Wit  hank  coalfield,  in  Ihc  Transvaal,  five  scams 
occnr,  h:i\in,u'  an  aj^gregate  thickness  of  56  feet  of  coal. 

In  the  Capo  of  Good  TTo])c  the  coal  is  found  in  the  Mollcno 
beds  which  are  ])robal)ly  Khictic  in  age.  The  thickness  of  the 
seams  worked  ranges  from  2^  to  33^  feet.  Intrusive  dykes 
have  in  ])laces  allered  the  coal  to  anthracite.  The  most  im- 
portant mining  centre  is  Indive,  but  coal  is  also  mined  near 
Molteno,  Cyfergat  and  Bamboes  Spruit. 

Coalfields  of  South  xA.merica 

The  fields  from  which  the  greater  part  of  the  coal  of 
South  America  is  obtained  lie  along  the  Pacific  coast  and 
near  the  Gulf  of  Mexico.  They  consist  of  Cretaceous  or 
Tertiary  deposits.  Permo-Carboniferous  rocks,  correlated  with 
the  Karroo  system,  outcrop  in  southern  Brazil,  but  the  coal 
seams  found  there  are  thin  and  show  many  slate  partings. 
These  beds  may  outcrop  along  the  eastern  face  of  the  Andes 
and  contain  workable  coals.  The  coals  of  the  Tertiary  beds 
of  Chili  are  mined  in  the  vicinity  of  Santa  Maria  island  and 
contain  from  50  to  60  per  cent,  of  fixed  carbon.  Lignites  occur 
farther  to  the  south.  In  Peru,  coal  is  found  in  fifteen  different 
fields  and  a  large  part  of  it  is  bituminous.  It  is  reported  that 
anthracite  has  been  found  in  the  Department  of  Cajamarca. 
Colombia  is  reported  to  have  a  large  reserve  of  coal  of  Tertiary 
age,  but  very  little  information  has  been  given  regarding  it.^ 
In  Venezuela,  coal  of  fair  quality  is  known  to  occur  at  a  number 
of  points  and  is  mined  near  Barcelona  and  also  near  Coro. 


398     The  Coal  Resources  of  the  World — Dowling 


Fig.  8 
The  Coalfields  of  South  America. 
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Coal  Reserves  of  North  America 

(In  Million  Tuns) 


A 

'lass  of  Coal 
B  &  C             D 

.\nthraciti( 
Coals 

Bihiminous 
Coals 

Sub-bitu- 
minous Coals, 
Brown  Coals 
and  Lignites 

1 OTALS 

Newfoundland 

Canada 

Nova  Scotia 

New  Brunswick 

Ontario 

768 
1,350 

40 

B           500 

B        9,649 
C             70 
B           151 

B    198,092 
B     67,689 
C        1,800 
B           210 

B       6,000 

25 

160 

57,400 

876,179 

5,196 

4,690 
4,800 

9,719 

151 

25 

160 

57,400 

1,075,039 

76,035 

4,940 
4,800 

500 

Manitoba 

Saskatchewan 

Alberta 

British  Columbia. . . . 
Yukon 

North  W.  Territories 
Arctic  Islands, 

2,158 

283,661 

948,450 

1,234,269 

United  States 

Eastern  Fields. . .  . 

Interior        "     .... 

Gulf              "    .... 

Northern  Plains. . . 
Mountains  &  Coas  t. 
Coal  deeply  covered. 

Alaska 

16,906 
363 

484 
1,931 

494,454 

478,232 

41,106 

335,460 

604.900 

1,369 

20,952 

1,134,000 

692,207 

16,293 

511,360 

478,595 

20,952 

1,175,106 

1,028,151 

604,900 

19,593 

19,684 

1,955,521 

1,863,452 

3,838,657 

Mexico  no  estimate  . 

Honduras 

Total  estimate  for 
North  America...  . 

1 

4 

5 

21,842 

2,239,693 

2,811,906 

5,073,431 

Coal  Reserves  of  Europe 

(In  Million  Tons) 


Great  Britain  and 

Ireland 

England 

Wales 

Scotland 

Ireland 


8,685 
2,500 

172 

11.357 


125,899 

31,597 

20.561 

119 

178.176 


125,899 

40,282 

2.3,061 

291 


189,533 
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Coal  Reserves  of  Europe — Continued 

(In  Million  Tons) 


C 
A 

LASS    OF    Co.\L 

B  &C              D 

Anthracite 
Coals 

Bituminou.s 
Coals 

Sub-bitu- 
minous Coals, 
Brown  Coals    ' 
and  Lignites    i 

TOT.VLS 

20 

20 

Spain 

1,156 
479 

B        2,312 
C      2,  312 
B           925 

r        817 

767 

Other  Fields 

1,635 

6,366 

767 

8.768 

France 

North  of 
Ardennes  Massif.  . 

Eastern 

2,210 

7 
949 

105 

B        8,860 
C        1,090 
B              16 
C           630 
B             26 
B        1,312 
C           746 

1,632 

Armorican 

Central 

Alps 

Lignite  areas 

3,271 

12,680 

1,632 

17,583 

Italy 

144 

99 
40 

243 

Greece 

40 

Bulgaria 

C             30 

358 

388 

Denmark  (Faroes)... 
Netherlands 

S.  Limburg 

S.  Peel 

195 
125 

B        1,857 
('           320 
B        1.640 
(■           265 

50 

50 

320 

4,082 

4,402 

Belgium 

C'ampine 

Limbourg 

D' An  vers 

Namur 

7,000 
1,000 
3,000 

11,000 

11,000 
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K) 


Coal   IIhskhn  ks   of    Eiuopk — Continued 


( 
A 

"l.\ss  of  C( 

1) 

Sul)-I)ilii- 
minous  Coals, 
Brown  Coals 
and  Lignites 

Tot 

Anthracite 
Coals 

Bitiiminou!^' 
Coals 

\LS 

lifrmaiiy 

Saar 

16,548 

213.566 

2.944 

165.  987 

225 

10.458 

247 

3,000 

9,745 
368 

268 

16,548 

213,566 

2.944 

1()5.  987 

3,225 

10.458 

247 

9,745 

368 

268 

Westplialia 

L.  Silrsia 

U.  Silesia 

Saxonv 

Left  of  Rhiii(> 

Other  districts.  .  .  . 
N.  German  States 
Bavaria 

Hesse 

423,356 

Hungary 

Carboniferous 

Triassic 

Cretaceous 

Tertiary 

409,975 
110 

13,381 

25 

3 

1.444 

132 

Neo-Tertiary 

113 

1,604 

1  717 

Austria 

Alpine  regions.  .  .  . 
Tertiary  Lowlands 
Bohemia,  Silesia 

and  Galicia 

Dalmatia 

Deep  Measures.  .  . 

10 

28,377 
12,595 

460 
250 

12,170 
14 

40,982 

12,894 

53,876 

Bosnia  and 

Herzegovina 
Triassic 

1 
1.325 
2.. 350 

Oligocene-Miocene 
Pliocene 

3,676 

3,676 

Servia  

45 

484 

529 

Roumania 

39 

39 

Sweden .  . 

114 

114 
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Class  of  Coal 
A            B  &  C              D 

Tot 

Anthracite 
Coals 

Bituminous 
Coals 

Sub-bitu- 
minous Coals, 
Brown  Coals 
and  Lignites 

\LS 

Russia 

Dombrova 

Moscow 

37,599 

2,525 

18,014 

57 
253 

1,578 
43 
37 

2,525 

1,578 

55,613 

43 

57 

290 

Donetz 

S.  W.  Russia 

Urals 

Caucasus 

37,599 

20,849 

1,658 

60.106 

Spitzbergen 

8,750 

8.750 

Total  estimate  for 
Europe 

54,346 

693,162 

36,672 

784,190 

Coal  Reserves  of  Asia 

(In  Million  Tons) 


Corea 

40 

B5 

C9 

27 

40 

14 

27 

81 

China 

Chili 

10,027 

2,000 
300,000 

6,575 
10 

18 

80 
754 

48,000 
20,000 

Bll,691 
C       950 
5,083 
414,340 
1,050 
5,129 
2,700 

187 

117 

126 

3,295 

255 
500 
42.000 
60,000 
30,000 
30,000 

500 
100 

Shantung 

Shansi 

Shensi 

Kansu 

Honan 

Kiangsu 

Anhui 

Hupei 

Chekiang 

Kiangsi 

Fukien 

Kuantung 

Kuangsi 

Hunan 

Szechuan 

Kueichon 

Tunnan. .         ... 

387,464 

607,523 

600 

995,587 
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Coal  Reserves  of  Asia — Continued 


Class  of  Coal 
B  &C 


Anthracite 
Coals 


Bituminous 
Coals 


D 


Sub-bitu- 
minous Coals, 
Brown  Coals 
and  Lignites 


Totals 


Japan 

Mesozoic  coal.  . .  . 

Tertiary  coal 

Karafuto 

Hokkaido 

Honsu 

Kyushu 

Taiwan 

Manchuria 

Siberia 

Indo-China 

India 

Bengal 

Central  India .... 
Central  Provinces 

Northern  Pro  v. . . 

Persia. . ., 

Total  est.  for  Asia.  . . 


41 


21 


6 


68 


68 


20,002 


407.637 


C  1,362 

C  2,442 
C  15 
C  2,916 
C  385 


233 
545 


7,130 


778 


B  254 
C  886 


1,140 


06,034 


107,844 


B  53,085 

C   210 

B  22,657 

B   270 

2,549 

C    30 

C   147 

53 

76,399 


2,602 


1,858 


7,970 


1,208 


173,879 


20,002 


79,001 


1,858 


760,098   111,851 


1,279,586 


(Z) 
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Coal  Reserves  of  Oceania 

(In  IMillion  Tons) 


A 

Class  of  Coal 
B  &C              D 

Tot 

[Anthracite 
Coals 

Bituminous 
Coals 

Sub-bitu- 
minous Coals, 
Brown  Coals 
and  Lignite 

\LS 

Australia 

New  South  Wales. 
Victoria 

659 

118,439 

52 

12,777 

C           916 

65 

C               1 

31,144 
866 

653 

118,439 
31,196 

15,218 

66 

653 

Queensland 

Tasmania 

W.  Australia 

659 

132,250 

32,663 

165,572 

New  Zealand 

125 
C          786 

2,475 

3,386 

British  N.  Borneo.  .  . 

iC             75   i 

75 

Netherlands 

India 

C          240 

1,071 

1,311 

Philippines 

5 

61 

66 

Total  estimate  for 
Oceania 

659        133,481 

i 
36,270  ' 

170,410 

Coal  Reserves  of  Africa 

(In  Million  Tons) 


Belgian  Congo 

90  1              900 

990 

Southern  Nigeria.. .  . 

80 

80 

Rhodesia 

2 

B           425 
C             68 

74 

569 

South  Africa 

Transvaal 

Natal 

4,700 
6,000 

960 

B     28,800 

C       7,200 

4,600 

B       2,880 
C          960 

36,000 
9,300 
6,000 

4,800 

Zululand 

Orange  Free  State 
Cape  Basutoland. . 
Swaziland 

11,660 

44,540 

56,200 

Total  estimate  for 
Africa 

11,662 

45,123 

1,054 

57,839 
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Coal  Reserves   of  South   America 

(In  Million  Tons) 


Class  of  Coal 
IJ  &  C  D 


Anthracite 
Coals 


Bituminous 
Coals 


Sub-bitu- 
minous Coals, 
Brown  Coals 
anil  Lignite 


Totals 


Colombia 

Venezuela 

Peru 

Argentina 

Chili 

Total  estimate  for 
South  America, . 


(00 


27,000 

5 

1,339 

5 

C        3,048 


27,000 
5 

2,039 
5 

3,048 


(00 


31,397 


32,097 


Recapitulation — (Million  Tons) 


North  America 

Europe 

Asia 

Oceania 

Africa 

South  America 

21,842 

54,346 

407,637 

659 
11,662 

700 

2,239,683 

693,162 

760,098 

133,481 

45,123 

31,397 

2,811,906 

36,682 

111,851 

36,270 

1,054 

5,073,431 
784,190 

1,279,586 
170,410 

57,839 
32,087 

496,846 

3,902,944 

2,997,763 

7,397,553 

Unestimated  reserves  are  known  in  Mexico,  Switzerland,  Denmark, 
Iceland,  Norway,  Montenegro,  Turkey,  Siberia,  Malay  States,  Siam,  Asia 
Minor,  Ecuador,  Bolivia,  Brazil,  and  on  the  Antarctic  continent. 

Brown  coal  not  included  in  the  estimate,  is  found  in  Oceania,  South 
America  and  in  the  Arctic  regions. 


METHODS  OF  DRAWING  PILLARS  IN  PITCHING 

SEAMS. 

By  J.  SOMERVILLE  QuiGLEY,  HiLLCREST,  AlTA. 

Rocky  Mountain  Branch,  Fertile  Meetinu,  March.  lOlU 

It  is  needless  to  remark  that  there  are  many  different 
methods  of  drawing  pillars.  The  writer,  however,  in  the  present 
paper  proposes  to  confine  himself  to  discussing  the  two  prin- 
cipal methods  in  vogue  in  Canadian  mines.  In  passing,  how- 
ever, brief  reference  should  be  made  to  some  of  the  points  that 
a  mine  manager  or  a  pit  boss  must  consider  when  driving  rooms 
so  that  he  may  be  able  to  draw  back  his  pillars  successfully. 
The  size  of  the  pillar  to  be  left  is  of  course  a  major  consideration; 
and  in  this  regard  mention  is  made  that  too  much  dependence 
should  not  be  placed  on  any  of  the  various  formulae  presented 
in  text  books.  Individual  experience,  provided  of  course  it  is 
the  result  of  many  years  of  practical  work  and  observation,  is 
usually  the  best  guide  in  determining  this  point.  Naturally, 
the  size  of  pillars  will  be  determined  to  a  very  large  extent  by 
local  conditions.  These  conditions  should  be  very  carefully 
studied.  In  driving  the  rooms  care  should  be  exercised  to 
ensure  that  they  are  as  straight  as  possible  so  that  the  pillars 
will  be  of  a  uniform  thickness.  This  is  important  for  if  the 
pillars  are  not  of  an  equal  thickness  a  large  percentage  of  the 
pillar  coal  will  be  lost.  It  is  also  believed  to  be  a  grave  mistake 
to  draw  the  pillars  back  slowly.  From  personal  experience  the 
writer  found  he  could  win  a  larger  percentage  of  coal,  with  less 
liability  to  creeps  and  squeezes  on  the  undrawn  pillars,  by 
bringing  back  the  pillars  as  fast  as  possible  after  they  were 
ready  to  be  won.  This  practice  results  in  'winning  out'  a 
large  area  in  a  shorter  time  and  gives  the  main  strata  a  better 
chance  to  break  off  sharply,  thus  preventing  the  occurrence  of 
those  slow  creeps  which  break  the  main  strata  over  the  un- 
drawn pillars  and  so  render  work  more  dangerous  to  the  miner 
and  frequently  lead  to  the  loss  of  large  bodies  of  coal. 

In  pillar  work  a  great  deal  depends  on  the  miner.  Unless 
a  man  is  experienced  in  this  class  of  work  in  pitching  seams,  it 
is  not  advisable  to  assign  him  to  the  duty  except  in  company 
with  an  experienced  pillar-miner.     Numerous  cases  have  come 
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under  tho  writer's  observation  in  which,  the  roof  being  full  of 
slips  and  tiie  work  of  pillar  drawinjjj  being  in  consequence  more 
than  ordinarily  diflicult,  miners  have  allowed  their  places  to 
cave  and  otherwise  to  get  into  so  bad  a  condition  that  not  only 
were  they  unable  to  earn  wages  but  there  was  also  every 
probability  of  a  resulting  considerable  loss  of  coal.  Where  in 
such  instances,  the  inexperienced  men  have  been  replaced  by 
others  having  experience,  matters  were  speedily  set  right,  both 
as  regards  miners'  earnings  and  coal  recovery. 

Another  ])oint  that  must  be  considered  is  how  best  to 
extract  wdien  pillars  have  been  made  too  small.  Thus  in  the 
writer's  own  experience  of  w^orking  thick  seams,  he  has  met 
with  pillars  varying  from  six  to  seventy  feet,  and  unfortunately 
the  small  pillars  have  been  at  the  bottom  of  the  rooms.  In 
these  instances,  the  irregularities  in  the  size  of  pillars  were  caused 
by  a  sudden  change  in  the  level  course,  or  strike  of  the  seam, 
which  occasioned  the  coming  together  of  the  rooms  and  the 
eventual  cutting  out  of  some  of  them.  When  drawing  in  the 
usual  manner  the  large  pillars  from  the  top  it  was  found  that 
directly  the  first  creep  occurred  that  the  strata  started  to  ride 
over  the  small  pillars  lower  down,  thus  necessitating  the  build- 
ing of  cogs  in  these  weak  places  before  continuing  the  drawing 
of  the  upper  pillars.  While  the  building  of  cogs  is,  of  course, 
expensive  in  thick  pitching  seams,  this  work  may  nevertheless 
be  the  means  of  saving  several  thousand  tons  of  coal  that  would 
be  lost  otherwise.  The  cogs,  moreover,  not  only  aid  in  strength- 
ening the  roof,  but  keep  the  sides  of  the  room  from  squeezing  in 
and  spoiling  the  chute  and  manway. 

Ventilation  should  also  be  very  carefully  considered,  more 
especially  in  connection  with  the  working  of  such  Rocky 
Mountain  coal  seams  that  do  not  outcrop  or  are  subject  to  faults 
or  irregularities.  Before  commencing  to  extract  pillars,  cross- 
cuts should  be  driven  at  the  top  of  the  rooms  to  ensure  good 
ventilation  while  drawing  the  uppermost  pillars. 

Methods — Across  the  Pitch. 

The  two  methods  of  drawing  pillars  chiefly  in  use  in  Canada 
have    each    their    advantages    and    disadvantages.     The    first 
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incthoa  to  be  doscribea  is  lluiL  of  working  the  rooms  on  the  strike 
of  the  seam.  In  this  method  slopes  are  sunk  generally  on  or  as 
near  as  possible  to  the  full  pitch  of  the  seam,  and  as  near  the 
centre  of  the  area  to  be  worked  as  convenient.     Levels  and 


Fic  2. 

counterlevels  are  broken  away  on  each  side  of  the  slope  every 
four  or  five  hundred  feet,  (See  Fig.  1).  These  levels  are  driven 
to  their  boundary  before  pillars  are  extracted.  A  pillar  of 
from  two  to  four  hundred  feet  wide  is  left  to  protect  the  slope. 
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From  the  entries,  headings  are  driven  up  the  pitch  at  approxim- 
ately every  four  hundred  feet.     The  haulage  system  in  these 
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headings  (lopoiuls  mainly  on  the  (lcf«;ree  of  the  pitch.  The  three 
systems  generally  employed  are  'back-balance,'  'chute'  (gravi- 
tation) and  'jig.' 

Back-hnlance  Haulage  System. — This  system  is  worked  by 
means  of  a  drum  and  brake  placed  at  the  top  of  the  heading. 
The  carriage  is  attached  to  one  end  of  the  rope,  which  goes  round 
the  drum;  while  at  the  end  of  the  rope  is  attached  the  back- 
balance  (or  ballast  car).  The  carriage  is  built  to  conform  with 
the  pitch,  (Sec  Fig.  3).  The  ordinary  mine  car  is  pJaced  on  this 
carriage.  The  loaded  car  and  carriage  jigs  up  the  back-bal- 
ance, while  in  turn  the  back-balance  jigs  up  the  empty  car  and 
carriage. 

Chute  System. — In  cases  where  the  pitch  of  the  seam  is 
greater  than  the  angle  of  repose  of  the  coal,  the  'chute'  system 
is  adopted  usually  in  preference  to  the  mechanical  systems. 
A  chute  is  carried  up  the  heading  into  which  chute  the  coal  from 
the  rooms  is  dumped.  In  each  room  a  small  car  is  used  to  con- 
vey the  coal  from  the  face.  Since  the  coal  from  all  the  working 
rooms  on  the  heading  is  dumped  into  the  same  chute,  it  is 
necessary  to  pay  the  miner  on  the  cubic  yardage  basis.  While 
the  chute  system  is  less  costly  in  respect  of  operation  than  the 
mechanical  systems,  it  is  in  the  end  often  more  costly  in  that 
it  usually  results  in  a  greater  breakage  of  coal. 

The  Jig  System. — In  this  system  no  carriage  is  used.  The 
loaded  car  pulls  up  the  empty  by  gravity.  iVt  the  neck  of  each 
room,  steel  plates  are  placed  on  which  the  car  is  'slewed.'  A 
pair  of  hinged  drop  rails  are  used  to  span  the  heading  from 
room  to  room  in  order  that,  if  necessary,  a  car  may  be  taken 
from  one  room  across  to  another. 

The  pillars  are  generally  left  between  the  level  and  counter - 
level  to  maintain  a  return  air-way  for  the  next  lift  of  coal.  In 
drawing  the  pillars  the  retreating  method  is  employed.  Some- 
times the  pillars  are  extracted  in  parallel,  and  sometimes 
diagonally  (see  Fig.  1).  Conditions,  of  course,  will  determine 
the  system  of  extraction.  Where  practicable,  however,  the 
writer  would  advocate  that  each  room  be  in  advance  of  the  other 
by  one  block  or  pillar,   (see  Fig.  1),  for  the  reason  that  if  a  cave 
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occurs  when  the  pillars  are  being  extracted  the  consequences 
are  not  likely  to  be  so  serious  as  would  be  the  case  if  the  pillars 
were  being  drawn  back  in  parallel.  When  the  face  is  closed 
by  a  cave,  the  pillar  may  be  opened  again  either  by  running  a 
'  skip '  alongside  the  cave  and  working  back  or  by  taking  a  '  skip ' 
from  the  nearest  crosscut  and  working  towards  the  cave.  Al- 
though the  latter  method  is  preferred  by  the  miner,  since  he 
has  'easier  coal',  a  second  cave  may  occur  and  result  in  the  loss 
of  the  coal  between  the  two  caves.  When  the  pillars  have  been 
extracted  to  a  point  near  the  headway,  a  squeeze  occurs, 
necessitating  the  lifting  of  the  rails  and  the  removal  of  the  drum 
to  the  room  below. 

The  main  advantages  of  the  above  system  of  extracting 
pillars  are  as  follows:  (1)  It  is  a  safe  system,  inasmuch  as  the 
miner  has  a  safe  retreat  in  the  event  of  a  cave;  (2)  Easy  ventila- 
tion; (3)  Less  risk  of  losing  pillar  coal  than  by  other  methods; 
(4)  Less  repair  work  on  the  main  entries,  since  there  is  less 
squeeze  and  creep  as  in  the  case  of  drawing  down  the  pitch; 
and  (6)  There  is  only  one  place  every  four  hundred  feet  as  against 
six  or  eight  under  other  systems.  The  chief  disadvantages  are : 
(1)  There  is  more  shovelling  to  be  done  by  the  miner;  (2)  The 
miner  must  push  his  car  from  the  pillar  face  to  the  heading, 
consequently  a  higher  tonnage  rate  is  paid;  (3)  It  requires  a 
longer  time  compared  with  the  other  system,  yet  to  be  described, 
to  block  out  pillars  preparatory  to  drawing  them,  thus  delaying 
a  return  on  capital  expended. 

Up  the  Pitch. 

The  second  method  of  pillar  drawing  consists  in  driving 
rooms  up  the  true  pitch  of  the  seam,  and  drawing  the  pillars 
down  the  pitch,  (see  Fig.  2).  It  is  adopted  very  generally  in 
the  Crowsnest  Pass  and  Rocky  Mountain  districts.  Similar 
to  the  other  system,  entries  are  driven  on  the  strike  of  the  seam, 
with  a  gradient  in  favour  of  the  loads  of  from  3^  of  1  per  cent, 
to  1  per  cent.  This  also  allows  for  drainage.  Rooms  are 
driven  from  these  entries  up  the  pitch  with  approximately  60 
feet  centres;  crosscuts  are  driven,  connecting  these  rooms, 
every  fifty  or  sixty  feet,  thus  forming  blocks  of  coal  fifty  or 
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sixty  loot  s(iii;iro.  It  may  he  nientionccl  hero  that  when  the 
writer  assumed  management  ol"  the  IliUcrest  Collieries  he  found 
that  the  euslom  was  to  drive  these  crosseuts  opposite  to  each 
other,  or  one  in  tlie  same  straight  line.  Exi)erience,  however, 
soon  taught  that  this  })raeticc  was  a  mistake,  since  when  the 
pillars  started  to  creep  the  coal  would  burst  off  at  the  four 
corners  and  thus  leave  a  wide  space  and  result  in  a  weak  spot. 
The  crosscuts  are  now  driven  to  alternate  up  the  side  of  the 
rooms  and  this  has  been  found  to  be  advantageous.  Thus  it 
gives  more  stability  to  the  pillars  and  facilitates  ventilation. 
Before  commencing  to  draw  the  pillars,  the  rooms  are  driven 
up  to  the  extremity,  which  may  be  the  outcrop  or  the  lift  above. 
The  pillars  are  then  immediately  drawn  back.  The  system  of 
drawing  these  i)illars  varies  according  to  the  nature  of  the  roof, 
the  thickness  of  the  seam,  'cap-rock,'  etc.  Where  'cap-rock' 
exists  on  the  top  of  the  coal  it  is  customary  to  timber  it  while 
driving  the  rooms.  When  the  rooms  are  finished  the  timber  is 
drawn  and  the  'cap-rock'  allowed  to  fall.  The  chute  is  then 
put  in  order.  A  narrow  'skip'  is  started  near  the  top,  and  after 
it  reaches  the  top  the  pillar  is  worked  diagonally  across.  The 
chute  is  moved  with  the  face  until  the  angle  becomes  so  flat  that 
the  coal  ceases  to  gravitate.  Mining  is  then  started  from  fifty 
to  a  hundred  feet  below,  the  precaution  having  been  taken 
to  build  a  good  battery  to  protect  the  chute  from  any  caves 
that  may  occur  above.  These  batteries  are  built  across  the 
rooms,  just  leaving  enough  space  for  the  chutes  on  one  side. 
They  consist  of  a  row  of  upright  props  set  close  together  with 
old  timbers  built  in  back  of  them.  A  line  of  props  are  also 
carried  up  on  the  outside  of  the  chute,  which  is  cribbed  up 
behind  with  old  timber  and  rock,  thus  forming  a  protection 
from  rock  and  refuse  that  might  roll  into  the  chute  from  the 
room.  Two  'chain'  pillars  are  usually  left  at  the  bottom  of 
the  room  for  the  purpose  of  protecting  the  entry.  This  method 
like  the  last  has  its  advantages  and  disadvantages.  The  ad- 
vantages are:  (1)  Practically  no  shovelling  of  coal;  (2)  Coal 
is  mined  at  a  lower  cost;  (3)  Earlier  extraction  of  pillars  than 
by  the  former  method.  Some  of  the  disadvantages  are:  (1) 
It  is  more  dangerous;  (2)  Harder  to  clean  the  coal  in  the  mine, 
especially  when  the  'cap-rock'  comes  away  with  the  coal;    (3) 
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Large  caves  sometimes  break  through  the  batteries,  and  the 
rocks  gravitate  down  the  chutes,  destroying  the  sheet-iron  and 
planks  forming  the  chute;  (4)  Ventilation  is  more  difficult  on 
account  of  the  number  of  rooms  going  off  the  entry  in  a  given 
space.  Moreover,  every  room  requires  at  the  bottom  double 
bulkheads,  all  of  which  may  leak.  Again  when  a  creep  occurs 
in  the  entry  these  stoppings  often  are  crushed  and  destroyed, 
necessitating  re-building;  (5)  A  greater  repair  to  chutes  con- 
sequent on  creeps  and  squeezes;  (6)  Greater  cost  of  'bucking' 
the  coal  if  flats  occur  in  the  chute;  (7)  Where  timber  is  required 
the  cost  of  packing  it  up  the  chute  is  great. 

In  the  event  of  a  bad  roof  in  any  one  room,  thereby  render- 
ing the  winning  of  coal  from  the  pillar  from  that  room  impossible, 
the  coal  is  often  won  from  the  adjoining  room,  by  working  on 
both  sides.  In  fact,  at  Hillcrest,  it  has  been  found  preferable 
frequently  to  skip  on  both  sides  of  the  pillar,  especially  if  the 
pillars  are  thick.  This,  of  course,  necessitates  an  additional 
number  of  miners  in  the  room.  In  drawing  from  both  sides  in 
the  same  room  a  branch  chute  is  taken  from  the  main  chute  to 
each  side  and  the  work  is  done  by  two  miners,  or  a  pair  on  each 
rib  each  shift.  In  consequence  of  faulty  slips  in  the  main  roof 
at  Hillcrest,  it  is  frequently  necessary  to  resort  to  the  tactics 
described. 


METHODS  OF  HAULAGE  IN  COAL  MINES. 
By  J.  Shanks,  Coal  Creek,  B.  C. 

Rocky  Mountain  Branoli,  Lcthlrrklfje  Meeting 

In  British  Columbia  and  Alberta  the  coal  measures  pitch 
at  angles  varying  from  the  horizontal  to  the  vertical,  conse- 
quently many  different  methods  of  haulage  are  in  use. 

In  approximately  level  seams  the  method  of  face  haulage 
is  determined  by  the  question  of  the  cost  of  hand-putting  as 
compared  with  that  of  pony-putting  and  of  face  gathering  by 
motors  of,  respectively,  the  electric,  compressed  air,  and  gaso- 
line types.  Hand-putting  is  the  cheapest  method,  as  a  rule, 
when  the  weight  of  cars  and  the  grades  are  suitable.  This  is 
specially  the  case  in  thin  seams  where  roof  and  floor  ripping  is 
necessary  for  horse  haulage.  When,  however,  the  seam  is  of 
suflacient  height  to  permit  horses  to  work  without  the  necessity 
of  ripping  the  bottom  or  roof,  horse-haulage  will  compare  favour- 
ably, as  regards  costs,  with  hand-putting,  and  it  has,  moreover, 
the  advantage  of  permitting  the  use  of  larger  cars,  and  the  over- 
coming of  heavier  gradients.  Air  locomotives  cannot  ad- 
vantageously be  employed  for  face  haulage,  because  they  re- 
quire frequent  recharging.  Electric  locomotives  are  used  in 
the  United  States  for  face  gathering,  but  for  their  installation 
conditions  must  be  ideal.  Thus  the  roof  must  be  strong  and 
not  subject  to  caves,  else  short  circuiting  of  the  trolley  wire 
would  result.  Furthermore,  a  great  disadvantage  to  their  use 
is  the  expense  of  laying  a  suitably  bonded  track.  In  dry  and 
dusty  mines  they  would  be  a  source  of  danger. 

Gasoline  motors  have  been  introduced  recently  and  are 
successfully  operated  for  gathering  purposes  in  some  mines  in 
the  United  States.  They  have  an  advantage  over  electric 
motors  in  that  they  are  more  'flexible,'  and  expensive  wiring 
and  bonding  is  avoided.  The  fumes  from  the  engine  exhaust 
are  o-ffensive;  and  should  a  collision  occur  there  is  danger  both 
of  fire  and  explosion.  Hence  they  cannot  be  used  in  mines 
where  gas  and  coal  dust  exist. 
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All  motor  haulage  is  useless  on  grades  greater  than  6  per 
cent.;  and  all  horse  haulage  is  uneconomical  on  grades  greater 
than  10  per  cent.  On  grades  exceeding  10  per  cent,  some  me- 
chanical system  of  haulage  must  be  employed.  An  ordinary 
gravity  jig,  termed  locally  a  'McGinty,'  is  very  suitable  for 
face  havdage  when  working  rooms  up  the  pitch.  The  only 
drawback  to  the  use  of  this  appliance  is  experienced  when  in 
the  case  of  a  weak  roof,  for  with  this  method  of  haulage  a 
double  track  must  be  maintained.  The  'McGinty'  haulage 
system  can  be  utilized  economically  on  grades  up  to  33  per  cent. 
A  good  horse  is  capable  of  hauling,  on  the  average,  the  output 
from  six  'McGinty'  rooms.  The  animal  must  be  trained  to  pull 
the  empty  car  clear  of  the  level,  holding  it  still  until  the  driver 
has  attached  the  rope.  When  the  roof  conditions  are  such  that 
the  cost  of  maintaining  a  road  for  the  double  track  is  unduly 
heavy,  the  plan  can  be  followed  of  working  two  rooms  in  con- 
junction, the  cars  being  filled  alternately  from  each  room.  The 
haulage  is  effected  by  passing  the  rope  up  one  room  to  the  face 
round  the  pulley  down  to  the  crosscut,  round  the  corner  pulleys, 
and  then  up  to  the  face  of  the  second  room.  When  the  coal 
can  be  worked  successfully  across  the  pitch,  hand-putting  or 
horse  haulage  may  be  used  up  to  500  feet  from  the  secondary 
haulage — hoists,  jigs,  etc. 

In  longwall  work,  where  the  height  of  coal  permits, 
cars  can  be  despatched  down  a  section  of  the  face,  the  empties 
being  sent  in  at  the  top  of  the  section,  loaded,  and  passed  out  at 
the  bottom  of  the  section.  In  this  way  only  two  roads  need 
be  maintained  through  the  goaf;  and  where  roof  conditions 
will  allow,  the  face  track  requires  only  to  be  moved  every  fifteen 
feet.  When  the  section  is  thin  and  the  cars  have  not  height 
to  pass  down  the  face,  then  some  method  of  face  conveyer 
belts  will  prove  economical,  particularly  in  seams  under  three 
feet  in  thickness,  where  brushing  is  costly. 

When  the  pitch  of  a  seam  is  greater  than  33  per  cent.,  coal 
if  not  too  fine  or  wet  can  be  glissaded  down  sheet  iron  chutes 
from  the  faces.  This  method,  when  workable,  is  the  cheapest 
and  simplest  of  all  methods  of  face  haulage. 
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Secondary  TlAnLACio. 

In  coin]);!!';! lively  flat  scains  tlie  secondary  haulage  is 
generally  worked  by  'spike  teams'  feeding  into  the  main  haul- 
age, or  with  branch  ropes  worked  from  the  main  rope,  wliere 
main  and  tail  or  endless  rope  haulages  are  installed. 

Subsidiary  to  rope  haulage  the  branches  will  be  discussed 
under  the  heading  of  'Main  Haulage.'" 

The  arrangement  of  methods  of  secondary  haulage  gives 
the  colliery  manager  great  scope  for  exercising  his  ingenuity. 
In  working  dip  sections  when  the  grade  is  favourable,  auxiliary 
main  haulage  sets  placed  at  the  top  of  branch  dips  are  mostly 
used.  Small  portable  sets  are  now  obtainable,  and  are  built 
so  compactly  that  they  can  be  moved  on  a  carriage  from  one 
section  of  the  mine  to  another. 

In  working  rise  sections,  in  every  instance  advantage  should 
be  taken  of  gravity.  In  a  great  many  mines,  hoists  are  used  for 
lowering  coal  downhill  where  self-acting  inclines  or  back-balance, 
cut  chain  jigs,  or  back-balance  and  carriage  bogie  jigs,  could 
be  used  with  advantage  and  economy  as  regards  both  power 
and  cost. 

Diagram  1  shows  two  methods  of  handling  cars  on  grades 
too  steep  for  horse  haulage  and  not  steep  enough  for  coal  to 
gravitate  on  sheet  iron  chutes.  Fig.  1  of  this  diagram  repre- 
sents the  cut  chain  system  much  used  in  Scotland.  Opposite 
each  gate  road  the  chain  has  a  hook  link,  wdiich  allows  the 
bottom  section  of  the  chain  to  be  easily  detached.  Thus  the 
detached  portion  of  the  chain  is  out  of  commission  below  the 
gateway  about  to  be  worked.  The  putter  or  trailer  descends 
the  jig  with  his  load.  This  load  draws  up  the  balance  weight, 
and  when  the  load  lands  on  the  flat,  the  chain  is  secured  to  a 
pin  at  the  bottom  to  hold  the  balance  weight  until  an  empty 
car  is  attached.  The  chain  is  then  removed  from  the  pin 
and  the  balance  weight  takes  up,  or  assists  the  putter  to  take 
up,  the  empty  car  to  the  gateway.  In  this  system,  lifting-out 
rails  are  placed  opposite  each  branch  road;    and  the  cars  are 
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usually  swung,  in  line  with  the  jig,  on  flat  sheets.  The  putter 
then  joins  the  track,  couples  up  the  chain,  and  leaves  it  in 
readiness  for  use  at  another  branch. 
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When  the  grades  are  heavy  it  is  preferable  to  use  a  carriage 
and  balance,  (see  Diagram  1,  Fig.  2).  In  this  case  a  small 
drum  is  placed  at  the  top  of  the  jig.  The  car  is  placed  on  the 
carriage  at  right  angles  to  the  jig  track.     At  each  branch  road, 


ILvuLAdK  IN  CoAi.  Mines — Shanks 


H<) 


the  track  is  cxI^mkUmI  close'iip  with  the  rails  fixed  on  tlie  carriage. 
An  easily   fixed   step  is  i)rovided  to  adjust   the  carriage  rails 
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Diagram  II 
exactly  in  line  with  the  branch  road  track.     The  only  disad- 
vantage of  this  system  is  that  the  drum  cannot  be  moved  easily 
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as  the  heading  advances.  This  drawback  can  be  overcome  by 
extending  the  headings  in  pairs  and  using  the  McGinty  bal- 
ance to  develop  the  headings  beyond  the  temporary  position 
of  the  jig  drum  (see  Diagram  2,  Fig.  4). 

Main-and-Tail  Haulage  Set 

Machine  Cit  Splr  WntF.L 
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Clr\  E 

Knock-Oef  Link  shackle   f.«.': 

Diagram  III 
Diagram  1,  Fig.  3  shows  an  arrangement  for  a  self-acting 
incline,'' which,  with  secondary  feeding  jigs,  as  just  described, 
is  capable  of  handling  a  thousand  mine  cars  over  a  considerable 
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dislanco  in  ci^lit  liours.  The  advantage  of  this  arrangement  is 
tliat  llie  empties  always  land  on  the  midille  traek,  and  loads 
from  the  levels  do  not  require  to  wait  until  the  empties  are  taken 
away  as  is  the  case  with  the  ordinary  13-rail  or  4-rail  straight 
gravity  incline.  A  trip  is  run  from  each  side  alternately  and 
to  avoid  waiting  on  each  side  for  loads,  the  track  can  be  arranged 
at  toj)  to  transfer  the  loads  from  one  side  to  the  other. 

Diagram  1,  Fig.  4  shows  the  ordinary  arrangement  of  a  jig 
fitted  with  three  rails.  The  advantage  here  is  that  a  width  for 
double  track  does  not  need  to  be  maintained  except  at  the  pass- 
bye  and  latches  or  switches  are  not  required, 

Any  single  track  gravity  incline  with  pass-bye  in  the  middle 
is  out  of  the  question  for  underground  work,  since  the  latches 
become  blocked  with  coal,  etc.,  and  are  thus  the  cause  of  con- 
tinual wrecks. 

Diagram  1,  Fig.  5  represents  an  arrangement  of  a  double 
track  incline  where  latches  are  dispensed  with  at  the  parting. 
Practically  only  'single  road  width'  need  be  maintained  except 
at  the  pass-bye.  The  ropes  are  made  to  line  up  clear  of  the 
ascending  trip  by  opening  the  tracks  at  the  top  half  and  using 
side  pulleys. 

Diagram  2,  Fig.  5  shows  an  arrangement  of  verticardrums 
used  as  gravity  inclines  at  No.  1  East  Mine,  Coal  Creek.  There 
are  one  and  a  half  coils  of  rope  on  each  wheel.  The  advantage 
of  vertical  drums  is  that  the  loads  always  descend  the  same  track. 
This  does  away  with  cross-over  switches  at  the  top  and  the  bot- 
tom of  the  incline. 

Diagram  2,  Fig.  6,  illustrates  'a  knock-off'  link,  used  at 
Coal  Creek,  to  cut  off  the  trips  on  the  fly,  in  order  that  the 
cars  will  run  to  the  end  of  the  parting  and  not  block  other  trips 
from  landing  until  about  thirty  cars  are  landed.  These  in  turn 
are  hauled  out  of  the  parting  by  air  motors. 

In  heavy  pitching  seams  the  balance-weight  carriage  is 
frequently  worked.  Diagram  1,  Fig.  2,  shows  a  counterpoise 
method  of  haulage  adopted  in  a  seam  in  South  Staffordshire, 
England,  where  the  pitch  is  80°. 

At  a  colliery  in  East  Scotland  a  seam  4  feet  high  and 
pitching  at  80°  is  worked  by  the  balance  car  system.     A  large 
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balance  hoist  having  twelve  deck  cages  is  used  for  lowering 
from  the  face  levels  to  the  main  level  at  the  bottom  of  the 
shaft.  In  this  mine,  in  order  to  save  brushing  the  hanging 
wall,  the  cars  are  designed  with  a  slope  from  the  axle  base 
<^  orresponding  to  the  dip. 
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Diagram  IV 
Main  Haulage. 
In  coalfields  where  grades  are  favourable,  motor    haulage 
can  be  used  to  advantage  on  main  haulage  roads  and    branch 
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roails.  When  there  is  sufficient  liel^lit  and  the  roof  is  good, 
eU'ctric  motors  of  the  JelFrey  lype  workin<f  from  an  overhead 
trolley-wire  are  economical.  Their  main  disadvantage  is  that 
in  a  dusty  and  gassy  seam  they  are  not  safe,  and  for  this  reason 


Diagram  V 

they  were  discarded  at  Coal  Creek  five  years  ago,  and  com- 
pressed-air locomotives,  made  by  H.  K.  Porter  of  Pittsburgh, 
were  substituted.     While  compressed-air  locomotives  are  safe 
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in  gassy  and  dusty  mines,  they  are  not  so  reliable  as  electric 
locomotives.  The  former,  for  example,  are  a  source  of  trouble 
if  cars  are  derailed,  or  when  an  extra  heavy  load  must  be  drawn 
between  charging  stations.  In  winter,  moreover,  the  small 
pipes  in  connection  with  the  reducing  valves  sometimes  give 
annoyance  by  freezing.  In  summer,  and  when  properly 
handled,  these  locomotives  are  very  convenient  and  safe.  At 
Coal  Creek,  two  sizes  are  in  use.  The  working  pressure  is  from 
800  to  1000  lbs. 

Gasoline  motors  are  now  on  the  market.  Engines  of  this 
type  are  in  use  at  Passburg  mines.  Alberta,  and,  it  is  stated, 
are  more  economical  than  either  electric  or  comijressed  air  mo- 
tors. They  are  certainly  more  'flexible'  than  either,  since  there 
is  no  necessity  to  carry  power  lines  into  the  mines.  They 
are  applicable  and  most  convenient  in  the  main  haulage  road 
when  the  workings  are  free  from  gas  and  dust.  The  objection 
already  raised  to  them  as  gathering  devices  is  not  so  important 
when  they  are  used  in  main  haulage  roads  that  are  the  intakes. 
This  class  of  motor,  however,  requires  more  expert  handling 
than  others  and  since  it  has  intricate  machinerj^  requires  experts 
to  undertake  repairs.  As  already  stated  all  locomotive  haulage 
is  useless,  or  rather  uneconomical  when  grades  are  greater  than 
6  per  cent.  It  is  not  possible  in  the  Rocky  Mountain  coal- 
fields to  get  conditions  of  grades  suitable  for  motor  haulage  and 
at  the  same  time  to  be  able  to  lay  out  main  haulage  roads  to  the 
best  advantage.  At  Coal  Creek,  for  instance,  the  conditions  of 
grades  are  so  variable  that  in  some  cases,  if  a  level  course  was 
maintained  the  main  haulage  road  would  return  on  itself,  such 
as  would  happen  if  a  level  road  were  driven  around  a  cone. 

East  of  the  Crowsnest  Pass  coalfield  in  the  Rocky  Moun- 
tains, the  seams  are  usually  thick  and  consequently  motor 
haulage  in  the  main  roads  is  preferable.  Motors  sufficiently 
powerful  to  haul  heavy  trips  of  large  cars  are  now  obtainable. 
This  system  is  very  convenient  when  loading  from  chutes.  In 
thin  pitching  seams,  if  the  strike  of  the  seam  is  straight  or  on  a 
gentle  curve,  main  and  tail  haulage  is  more  economical  than 
motor  haulage,  since  less  brushing  is  required. 

In  comparatively  flat  seams,  as  distinct  from  pitching 
seams  that  may  be  worked  as  chutes,  a  system  of  rope  haulage 
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will  be  iulvaiilafiooiis.  The  nuiiii  advantage  of  roj)e  haulage 
is  that  roails  can  be  driven  in  a  straight  line  regardless  of  un- 
dulations. Moreover,  the  coal  area  can  be  developed  by  main 
and  braneh  roads  in  the  most  economical  manner,  for  branch 
roads  can  be  worked  off  the  main  rope,  and  if  endless  rope 
haulage  is  installed  pumps  can  also  be  worked  by  a  branch  rope. 

Systems  of  Rope  Haulage. — The  systems  of  rope  haulage 
are:  (1)  Direct  or  main  haidagc;  (2)  Main  and  tail  haulage; 
and  (3)  Endless  rope  or  chain  haulage.  The  direct  or  main 
system  is  applicable  only  to  grades  steep  enough  to  permit  the 
empty  cars  to  pull  dow'ii  the  rope  to  the  landings  by  gravitation 
In  a  case  where  a  flat  or  raise  is  encountered  in  a  '  main  haulage' 
slope,  provision  must  be  made  to  take  the  empty  trip  over. 
For  short  flat  distances  a  horse  is  sometimes  used  for  this  pur- 
pose. Sometimes  an  inside  hoist  is  erected  to  work  a  tail  rope. 
The  surface  hoist  hauls  the  trip  of  loads  outbye,  while  the 
inside  hoist  hauls  the  empties  inbye.  The  more  common 
practice,  how^ever,  is  to  have  a  pair  of  drums  placed  back  to  back 
or  side  by  side  on  a  common  shaft  and  worked  by  a  common 
engine,  by  means  of  clutch  gear,  as  shown  in  Diagram  3.  The 
main  and  tail  drums  pull  and  brake  alternately,  according  as  the 
trip  ascends  or  descends  the  grade  variations  of  the  road.  By 
this  system  of  haulage,  branch  roads  can  be  w^orked  by  linking 
branch  ropes  to  the  main  rope.  Diagram  3,  Fig.  2,  illustrates 
the  best  method  of  connecting  branch  ropes.  These  branch 
ropes  are  connected  when  the  trip  is  at  the  shaft  bottom;  thus 
the  empty  trip  lands  directly  at  the  face  of  the  branch  road  that 
has  been  coupled.  When  the  roads  are  long  and  the  tension 
great,  difficulty  is  sometimes  experienced  in  connecting  the 
ropes,  and  it  is  frequently  found  necessary  to  install  a  crab 
winch  for  this  purpose  (at  "C",  Diagram  3). 

Diagram  3,  Fig.  2  shoW'S  an  arrangement  of  connection  in 
main  and  tail  rope  haulage;  and  Diagram  3,  Fig.  4  illustrates 
a  method  of  working  a  curve  in  main  and  tail  rope  haulage. 

lu  main  and  tail  haulage,  a  rope  three  times  the  length 
of  the  road  is  required.  When  the  trip  is  outbye  at  the  shaft 
the  tail  rope  extends  from  the  drum  on  the  surface,  inbye  round 
the  return  wheel  and  back  out  to  the  shaft.     The  main  rope 
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at  this  stage  is  coiled  on  the  drum.  The  advantage  of  main  and 
tail  rope  haulage  over  endless  rope  haulage  is  that  for  the  former 
it  is  necessary  only  to  establish  and  maintain  a  single  track. 
Roofs,  however,  must  be  very  bad  indeed  when  the  considera- 
tion of  maintaining  a  ten-foot  road  as  against  a  twelve  or  four- 
teen foot  road  should  be  allowed  to  outweigh  the  otherwise 
superior  advantages  of  the  endless  rope  system.  In  the  main 
and  tail  rope  system,  the  engines  must  be  sufficiently  powerful 
to  haul  the  load  over  the  heaviest  adverse  grade.  The  loads 
come  to  the  outside  in  trips  of  from  twenty  to  a  hundred  cars. 
The  speed  is  usually  from  six  to  ten  miles  per  hour.  If  any 
derailment  takes  place  at  this  speed  considerable  damage  is 
certain  to  result  to  the  mine  and  rolling  stock. 

At  the  W  hitehaven  Collieries,  Cumberland,  England,  where 
the  writer  was  engineer  for  many  years,  the  main  endless  rope 
system  was  most  successfully  worked  over  long  distances  and 
heavy  grades.  The  main  endless  rope  was  1  5-16  inches  in 
diameter,  and  over  five  miles  in  length.  This  rope  worked 
branch  ropes  and  inbye  friction  gears  as  shown  in  Diagram  4. 
In  some  instances  these  side  branches  had  ropes  two  miles  in 
length.  These  collieries  were  formerly  worked  by  the  main  and 
tail  system,  but  Mr.  Ramsey,  the  patentee  of  the  clutch  bogie 
shown  in  Fig.  1  of  the  diagram  ripped  the  roads,  installed  the 
endless  rope  system  and  in  consequence  made  the  collieries  a 
commercial  success. 

The  great  superiority  of  the  endless  rope  system  is  due 
to  the  fact  that  it  enables  full  advantage  to  be  taken  of  the 
action  of  gravity  in  saving  power.  The  engine  has  merely  to 
overcome  the  resistances  of  the  cars,  rope,  and  weight  of  coal  on 
surplus  adverse  grades.  Branches  can  be  worked,  and  curves 
and  grade  undulations  overcome,  as  easily  in  the  endless  as  in 
the  main  and  tail  system.  In  the  former  system  a  constant 
stream  of  cars  is  delivered  from  the  branches  to  the  junction'^, 
and  from  the  junctions  to  the  shaft. 

There  are  two  systems  of  endless  rope  haulage:  overtub 
and  undertub.  The  overtub  system  is  no  doubt  an  extension 
of  the  endless  chain  principle.  It  is  suitable  for  level  roads  and 
medium  distances,  but  when  the  tension  on  the  ropes  is  great 
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Www  is  (lifliciilty  in  ovcrcoiniii^'  curves,  etc.  Diagram  5,  Figs. 
1,  '2,  and  S  ilhislrales  llic  ovortub  endless  ro])e  i)ririci|)le,  Fig, 
3  illustraling  clips  used  to  atlacli  cars  to  the  rope. 

In  the  writer's  oj)inion  the  only  system  of  roi)e  haulage 
for  long  distances,  and  high  tensions,  is  the  undertub  type  of 
endless  rope  haulage,  whereby  the  rope  is  under  the  cars,  and 
to  which  rope  the  cars  are  attached  in  trips  of  from  eight  to 
twenty-four  by  means  of  strong  clutch  bogies  (See  Diagram  4, 
Fig.  iV 

"NYhen  the  grades  are  undulating,  two  clutch  bogies  are 
required,  one  in  front  and  one  behind.  The  rope  should  be 
driven  at  about  five  miles  per  hour  for  hauling  coal,  and  if 
necessary,  the  engine  should  be  capable  of  running  ten  miles 
per  hour  for  the  purpose  of  conveying  men. 

In  working  endless  rope  haulage  there  are  many  small 
details  which  require  constant  attention,  the  neglect  of  which 
often  makes  the  system  costly  and  unsuccessful. 

In  Great  Britain  the  system  of  drive  is  generally,  through 
a  'C  or  bevel-tyred  drum,  as  shown  in  Diagram  4,  Fig.  2. 
The  slope  of  the  tyre  should  be  adjusted  so  as  to  prevent  surging 
of  the  rope  from  one  side  to  the  other,  when  coiling.  The  rope 
should  lead  on  at  the  large  diameter  and  off  at  the  small  diam- 
eter of  the  drum.  The  leading-on  rope  displaces  the  coils 
gradually  down  the  slope  of  the  tyre  and  this  prevents  riding  or 
overlapping.  A  method  to  obtain  a  friction  grip,  often  adopted 
in  this  country  and  in  the  United  States,  is  to  pass  the  rope 
round  drums  and  idler  drums  behind.  The  rope  is  passed 
around  a  groove  to  the  idler  drum,  back  to  another  groove  in 
the  drive  drum,  thence  to  the  idler  drum  and  so  on  as  often  as  is 
necessary  to  obtain  the  friction  grip.  The  grooves  are  formed 
in  slip  rings  fixed  on  the  drums,  and  allow  the  rope  to  adjust 
itself  to  equal  tension  throughout.* 


*Tlie  writer  has  had  no  experience  with  this  drive.  Mr.  Thos.  Graham, 
when  Superintendent  of  the  Western  Fuel  Co.  at  Nanaimo,  B.  C,  had,  how- 
ever, considerable  difficulty  with  it,  as  a  result  of  the  heavy  drum  shaft  break- 
ing frequently.  He  informed  the  M'riter  that  after  adopting  the  'C  .style  of 
drive  drum  he  had  no  further  trouble. 
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To  work  endless  rope  haulage  on  heavy  grades,  curves 
should  always  be  arranged  on  a  small  knuckle  so  that  the  rope 
is  bearing  down  on  the  curve  pulleys;  otherwise  the  rope  may 
go  over  the  top  of  the  curve  pulleys  when  it  is  moved  out  of 
the  groove  by  passing  trips.  The  inside  rail  on  endless  rope 
haulage  curves  should  be  higher  than  the  outside  rail,  as  the 
rope  has  a  tendency  to  pull  the  clutch  bogie  or  cars,  to  which  the 
lips  are  attached,  towards  the  centre  of  the  curve. 

Diagram  5,  Figs.  4  and  5  illustrate  details  of  a  curve  for 
endless  under  rope  haulage,  and  also  pulleys  and  clips  for  use 
with  this  system.  The  curves  should  be  of  a  large  radii.  It 
is  better  to  have  a  large  radius  long  curve  than  a  small  radius 
short  curve.  At  Whitehaven  the  writer  laid  out  a  six  hundred 
and  sixty  feet  radius  curve  on  the  main  haulage.  One  of  the 
most  important  features  is  to  have  a  properly  laid  out  back 
balance  arrangement  capable  of  quick  adjustment  in  taking  up 
the  slack  rope,  without  stopping  the  work. 

A  new  wire  rope  stretches  about  one-third  of  one  per  cent., 
and  in  long  haulages,  unless  there  is  plenty  of  room  in  the  back 
balance  bogie  run,  it  will  be  necessary  to  cut  and  re-splice  the 
rope.  Diagram  -4,  Fig.  3  shows  the  type  of  back  balance  used  at 
Whitehaven  Collieries.  The  balance  bogie  run  is  long  enough 
to  take  up  from  two  to  three  hundred  feet  of  rope.  The  balance 
weight  is  fixed  to  the  bogie  by  means  of  a  heavy  clamp  of  the 
letter  press  type;  the  spare  rope  is  coiled  on  top  of  the  balance 
bogie.  A  20-ton  right  and  left  hand  screw,  about  10  feet  long, 
is  placed  in  the  rope  line  that  is  attached  to  the  balance  weight 
and  the  balance  bogie.  By  using  the  screw  the  rope  can  be 
taken  up  ten  feet  at  a  time  while  it  is  working.  When  the  screw 
has  been  worked  to  take  up  slack, the  rope  attached  to  the  weight 
and  passing  through  the  letter  press  clamp  becomes  slack. 
This  slack  is  passed  through  the  clamp  and  coiled  on  the  top 
of  the  bogie.  The  clamp  is  screwed  down  again  on  the  rope 
and  the  balance  weight  is  dropped  dow  n  a  few  feet  by  taking  off 
the  right  and  left  hand  screw  mechanism.  This  allows  auto- 
matic working  of  the  balance  weight  in  the  pit. 
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By  T.  B.  Williams,  Canmore,  Alta. 

Rocky  Mt.  Branch,  Banff  i\Iee.tmg 

With  Western  Canada's  giant  resources  in  coal,  a  very 
great  future  may  be  expected  for  the  coking  industry  in  that 
part  of  the  Dominion.  TJie  present  estimate  of  the  coal 
supply  of  Alberta,  British  Columbia,  and  Yukon  and  Mac- 
kenzie Districts  is  145,322,000,000  tons,  of  which  about 
83,204,000,000  tons^  is  bituminous  coal.  As  yet  no  fairly 
accurate  estimate  of  the  proportion  of  the  bituminous  coal 
that  is  fit  for  coking  can  be  made,  but  the  most  conservative 
figures  allow  sufficient  for  all  the  needs  of  the  country  for  an 
indefinite  period.  The  necessary  mineral  resources  to  pro- 
vide a  demand  for  coke  are  available.  The  farm  lands, 
which  in  time  may  be  benefited  by  a  part  of  the  by- 
products are  also  here.  W^e  may  expect  the  chemical  and 
manufacturing  industries  to  follow  as  fast  as  a  growing  popu- 
lation can  find  use  for  their  outputs.  So  fast  is  this  popula- 
tion growing,  that  it  would  seem  necessary  at  the  present 
time  to  begin  to  consider  methods  of  manufacture  of  coke 
with  the  view  of  being  prepared  to  supply  a  growing  demand. 
Is  the  time  to  commence  the  production  of  coke  in  the  by- 
product oven  at  hand;  and,  if  not,  how  soon  may  we  reasonably 
expect  that  time  to  come? 

At  present  no  by-products  are  saved  west  of  the  Great 
Lakes,  and  the  output  of  coke  by  the  more  wasteful  methods 
is   rapidly   increasing.      The    demand   for   coke   is   increasing; 


^Commission  of  Conservation  Report  1911,  page  431. 
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but  while  rapid  strides  have  been  made  in  almost  every  other 
branch  of  metallurgical  industry,  today  in  Canada  there  are 
2,024  ovens  which  do  not  save  by-products,  as  against  730 
ovens  which  save  by-products.  In  Western  Canada  the  figures 
are:  non-by-product  saving  ovens,  1935;  by-product  saving 
ovens,  0. 

The  following  table  shows  the  quantity  of  coke  produced 
in  Alberta,  British  Columbia  and  Canada  since  1896,  and  its 
approximate  value: 

Production   of    Coke 


ALBERTA 

BRITISH 

COLUMBIA 

CANADA 

Yeara 

Tons 

Value 

Tons 

Value 

Tons 

Value 

1897 

19,154 

85,507 

60,686 

$176,457 

1898 

39,200 

175,000 

87,600 

286,000 

1899 

38,361 

171,255 

100,820 

350,020 

1900 

95,367 

425,745 

157,134 

647,140 

1901 

142,837 

637,665 

365,531 

1,228,225 

1902 

138,713 

619,255 

502,043 

1,519,185 

1903 

189,573 

846,310 

561,318 

1,734,404 

1904 

20,984 

$78,936 

257,172 

1,148,090 

554,083 

2,032,048 

1905 

44,866 

179,464 

269,256 

1,202,035 

700,483 

2,436,211 

1906 

69,486 

268,042 

236,205 

1,054,458 

782,055 

2,863,503 

1907 

76,321 

297,995 

241,572 

1,049,432 

842,003 

3,383,468 

1908 

75,6,45 

309,019 

276,683 

1,482,191 

858,257 

3,449,361 

1909 

87,233 

366,734 

281,786 

1,509,567 

862,011 

3,484,393 

1910 

121,578 

486,312 

248,394 

1,172,675 

902,715 

3,462,872 

1911 

b82,327 

350,879 

b36,216 

146,251 

935,651 

3,630,90 

1912 

105,684 

299,773 

1,411,219 

5,352,52 

Coke  has  been  made  from  pit  coal  for  at  least  two  hundred 
and  fifty  years.  The  date  of  the  beginning  of  this  industry 
in  England  is  rather  uncertain,  but  it  is  believed  that  a  start 
was  made  as  far  back  as  1735,  at  which  date  Darby  is  reported 


The  Production  of  Coal  and  Coke,  Bulletin  No.  200  of  the  Canada  Depart- 
ment of  Mines. 
Low  owing  to  strike  in  Western  Canada. 
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to  have  successfully  used  coke  hi  Coalbrookdale  in  Shropshire, 
between  the  years  1735  and  1750  little  progress  appears  to 
have  been  made.  At  the  latter  date,  however,  the  use  of  coke 
became  much  extended  in  blast-furnace  practice  owing  to 
the  increasing  scarcity  and  cost  of  wood  suitable  for  the  manu- 
facture of  charcoal.  Between  1750  and  the  present  time, 
there  have  been  very  great  changes  brought  about  in  the  method 
of  manufacture  as  well  as  in  the  quality  of  the  coke  made. 
The  idea  of  saving  by-products  has  been  introduced,  and  is 
coming  more  and  more  into  favour  with  coke  manufacturers. 

For  a  very  long  time,  in  fact  until  about  1770,  coke  was 
made  in   much  the   same   way   as  charcoal.      Large  heaps  of 
oblong  or  circular  shape  were  burned  in  the  open  air  upon  a 
yard  prepared  for  the  purpose.     The  ground  was  first  levelled 
off  and  covered  with  coal  dust.     Upon  this,  fine  coal  was  piled 
to  a  depth  of  about  eighteen  inches.     Above  this  again,  the 
flues  leading  from  the  periphery  to  centrally  located  chimneys 
were   constructed.      They    were   usually   formed   by   carefully 
arranging  large  pieces  of  coal  or  refuse  coke  in  such  a  manner 
as  to  admit  of  a  free  passage  of  air.     Upon  the  material  so 
placed,  pieces  of  wood  were  laid.     The  coal  was  piled  upon 
this  foundation   with  its   air  passages,   to   a  height   of   about 
3.5  ft.     Another  style  of  flue  was  arranged  by  means  of  in- 
verted cast  iron  troughs,  with  holes  at  various  intervals  along 
their  lengths.     In  either  case  the  heaps  were  ignited  by  light- 
ing wood  at  the  base  of  the  chimneys,  the  fire  gradually  spread- 
ing in  a  direction  opposite  to  that  of  the  air  currents  in  the 
passages  until  the  whole  was  burning.     Great  care  had  to  be 
exercised   in   order   that    the   pile    might    be   fired    uniformly. 
When  burning  well,  fine  coal  dust  was  thrown  upon  the  sur- 
face of  the  heap,  then  a  layer  of  damp  coke  dust.    This  practical- 
ly excluded  all  air  except  that  entering  by  the  regular  flues. 
When  all  signs  of  flame  and  smoke  ceased  at  the  chimneys, 
all  openings  were  closed,  and  the  piles  were  allowed  to  stand 
until    coking    was   judged    complete.      Then    small    quantities 
of  water  were  introduced  at  the  chimneys.     The  steam  which 
resulted  permeated  the  whole  mass,  and  served  not  only  to 
quench  the  fire,  but  also  partially  to  break  up  the  coke.     The 
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circular  heaps  were  from  fifteen  to  twenty  feet  in  diameter, 
and  the  oblong  piles  were  from  twelve  to  eighteen  feet  wide, 
and  from  thirty  to  fifty  feet  long.  From  five  to  eight  days 
were  consumed  in  coking  a  single  heap.  In  the  finished  pro- 
duct the  cell  structure  was  well  developed,  and  the  yield  ran 
as  high  as  59.6,-  of  the  coal  burned.  An  effort  to  improve 
upon  the  open  heap  method  resulted  in  open  top  rectangular 
masonry  enclosures  being  tried.  The  innovation  showed  little 
advantage  over  the  original  method,  and  merely  paved  the 
way  for  the  enclosed  oven,  which  was  invented  about  1770, 

In  1773  Home,  and  in  1782  the  Earl  of  Dundonald, 
obtained  patents  for  the  recovery  of  by-products  obtained 
while  coking  coal  in  closed  chambers.  Many  varieties  of 
ovens,  based  upon  these  two  types,  followed,  usually  without 
the  by-product  attachment,  and  there  seems  little  doubt 
that  a  development  of  the  Dundonald  principle  produced 
the  beehive  oven  which  has  held  its  own  even  to  the  present 
time.  Several  improved  ovens  modeled  after  the  original 
beehive  pattern  are  now  in  use.  They  all  admit  air  directly 
to  the  charge.  Further  experiments  brought  into  favour  the 
principle  of  coking  out  of  the  presence  of  air  and  the  retort 
oven  was  produced.  Ovens  of  this  class  have  proved  the 
most  satisfactory  for  the  recovery  of  by-product,  and  are 
slowly  superseding  the  beehive  oven  type. 

Section  II, 

Most  of  the  coke  at  present  made  in  Western  Canada 
is  used  in  the  smelting  of  copper  ores,  and  for  this  purpose 
a  small  content  of  sulphur  does  not  materially  lessen  its  value. 
For  this  reason,  the  percentage  of  sulphur  in  the  coal  or  coke 
is  not  usually  determined  in  analyses.  The  great  need  is  to 
clean  the  coal  as  much  as  possible  of  its  ash  forming  constitu- 
ents, as  all  the  ash  of  a  coal  is  inherited  by  its  coke.  One  of 
the  simplest  means  of  cleaning  coal,  following  the  hand  pick- 
ing process  underground,  and  that  of  the  picking  belt,  is  to 
put  all  the  smaller  material,  say  that  ^^hich  will  pass  through 
a  one  inch  mesh  screen,  through  a  Bradford  breaker  or  dry 

^John  Fulton. 


Coking  Processes  for  Wkstiorn  (Jaxada     Williams      4'y^ 

wasluM-.  'I'liis  iiiacljiiie,  which  somewhat  resembles  a  trommel, 
has  its  sides  formed  of  screens  v/hich  usually  have  circular 
holes.  It-;  axis  is  slightly  inclined.  The  charge  is  fed  in  at 
the  upper  end.  The  rotation  of  the  machine  causes  the  good 
coal,  which  usually  is  softer  than  its  impurities,  to  break 
uj)  and  fall  through  into  a  bin  below.  The  slate,  bone  coal  and 
pyrites,  which  contain  most  of  the  ash  and  sulphur,  resist 
the  action  of  the  breaker,  and  pass  down  its  entire  lengths 
and  are  discharged  at  its  lower  end  as  oversize,  which  is  usually 
sold  to  steam  plants  having  mechanical  stokers.  This  is  a 
cheap   and  rapid  method  of  cleaning  coal.     There  are  cases, 


^,;j!-  »— -       ...  ;<-■•    ■  --^r^ 

flHHRi^ssr- 

-—■■' 

'm:^ 

*" '.' 

,11 

iV 

^^R'^^'^^to^^^?^ 

UP"""* 

Rectangular  Ovens  (experimental)  at  Fernie,  B.C. 

however,  in  which  the  sulphur  is  too  intimately  mixed  with 
the  coal  to  be  eliminated  in  this  way.  If  a  coke  fairly  free 
from  sulphur  is  desired  from  such  coal,  some  system  of  washing 
must  be  adopted.  Many  coals  contain  much  vegetable  sul- 
phur which  cannot  be  washed  out,  but  about  forty  percent 
of  all  the  sulphur  which  remains  after  washing  is  volatalized 
during  the  coking  process. 

A  coal  washery  is  rather  an  expensive  plant,  not  only 
from  the  standpoint  of  first  cost,  but  also  on  account  of  op- 
erating expenses  and  repairs.  The  facilities  for  drying  the 
coal .  require  much  handling  machinery  and  much  storage 
room.  This  feature  of  the  plant  should  receive  very  careful 
attention.  The  following  dow  sheets  indicate  two  methods  in 
use  in  Alberta: 
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Flow  Sheet  Xo.  1 

Mine.  Car 

Y 
Grizzlies  and  screens 

I -Under  y-z  inch .  .Coarse . 

Spiral  conveyor  Bunkers  and  R.R.  cars 

I 

Elevator 
Storage  bins 

._. .WaLcr.  _  ^ . 

T  .  .       . 

1  (8  ft.)  conical  cIcLs?:ifier 


t 


^Coal^_  _  A.^Water  and  dust  coal Rock__ 

ir  I 

Perforated  elevator  ^-^.^^  Rock  dump 


3  T  ^^\j^^  Pulsometer 

-16  in.  and  up •<'^^->- Water  and  dust  coalv^  Pumps 
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Storage  bins  to  dry 

Larries 


The  capacity  of  this  plant  is  about  three  hundred  tons 
per  ten  hours.  This  style  of  washery  could  be  made  a  very 
good  one,  but  has  the  following  defects: 
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1.  \'ery  long  conveyor  systems,  entailing  much  machinery 
to  wear  out,  and  a  large  building  difliculL  to  heat  in  winter. 

2.  The  quantity  of  water  used  i)er  ton  of  coal  handled 
is  excessive. 

3.  The    i)ulso!neter    pumps    are    much    complained    of    as 
'steam  eaters.' 

Flow  Sheet  No.  2 

Cars 

Elevators 

Storage  bins 

^4  inch,  round  hole,  rotary  screen  with  ball  at  bottom 

.1 

Grading  boxes 


10   Luhrig  jigs   (6   working) 
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Elfevators  Settling  tank 
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\  I < _  J  pump 

Larries  j y i 

This  is  a  flow  sheet  of  a  plant  at  Lille,  Alberta. 

A  180  H.P.  engine  is  used  to  elevate  the  coal  into^high 
storage  bins.  The  washer  itself  is  operated  by  a  70  H.P. 
engine.     This  washery  has  a  capacity  of  fifty  tons  per  hour. 

(BB) 
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The  run  of  mine  coal  was  said  to  analyse  16.5%  ash.  After 
washing,  the  coal  analysed  11.25%  ash.  The  following  quanti- 
ties were  treated: 

July,  1910.  August,  1910.  Septemberl910 
Run-of-mine             7,122  tons           6,929  tons  6,938  tons 

Refuse  1,492     "  1,459     "  1,418     " 

Washed  coal  5,630     "  5,470     "  5,520     " 

The  refuse  from  the  jigs  containing  about  40  percent  of 
ash  was  at  one  time  burned,  it  is  claimed  at  a  profit,  under 
the  boiler  for  steam  production. 

A  washery,  quite  similar  to  the  above,  situated  at  Pass- 
burg,  Alberta,  is  designed  to  use  ten  Luhrig  jigs,  each  having 
a  capacity  of  five  tons  per  hour.  The  building  is  well  heated, 
and  it  is  the  intention  of  the  management  to  operate  the 
plant  all  winter. 

Some  other  washery  results  follow:^ 

Crowsnest  Pass  Coal  Co.,  Fernie,  B.C. 
Before  washing     9.65  percent  ash 
After  washing       5.30  percent  ash 
Wellington  Colliery  Co.,  Vancouver  Island: 
Before  washing     38.00  per  cent  ash 
After  washing         8.90  percent  ash 

From  its  recommendations,  the  Stewart  jig  would  seem  to 
be  an  exceptionally  good  one  for  coal  washing,  especially 
where  the  coal  is  in  mixed  sizes. 

As  already  stated,  the  beehive  oven  was  developed  in 
the  early  days  of  coking.  This  oven  has  very  much  to  commend 
it  to  the  manufacturer  of  coke.  Its  comparatively  low  cost 
from  four  hundred  to  nine  hundred  dollars,  depending  upon 
the  class  of  oven,  the  local  conditions  and  the  quality  of  brick 
used,  is  greatly  in  its  favour.  With  careful  handling  it  may  be 
made  to  yield  as  high  as  65  or  70  percent  of  coke.  The  cost 
of  repairs  is  also  very  low,  while  the  quality  of  the  coke  made 


John  Fulton. 
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has  until  rc'oently  been  considered  the  stundard  for  the  market. 
Being  hard,  bright  and  porous,  it  not  only  supports  the  load 
of  an  iron  blast  furnace  well,  but  owing  to  the  bright,  silvery 
coating  obtained  from  the  deposition  of  the  volatile  hydro- 
carbons, it  is  also  fairly  impervious  to  the  dissolving  influences 
of  the  gases  of  the  upper  part  of  the  blast  furnace. 

Of  ovens  of  this  type,  that  known  as  the  "Wharton"  is  one 
of  the  best.  Some  of  the  special  points  of  merit  of  this  oven 
are: 

1.  A  double  floor,  which,  by  retaining  a  great  deal  of  heat 
after  the  oven  is  drawn,  prevents  'black  ends'  on  the  bottom 
of  the  new  charge. 

2.  A  double  arch  ring,  which  greatly  facilitates  arch  ring 
repairs. 

3.  A  silica  brick  crown,  which  will  last  about  three  times 
as  long  as  a  crown  of  fire  brick. 

John  Fulton,  in  his  work  entitled  "Coke",  places  the  cost 
of  this  oven  at  three  hundred  and  eleven  dollars  in  1905; 
but  this  figure  would  greatly  underestimate  the  cost  today 
in  western  Canada,  even  under  favourable  circumstances. 
A  number  of  "Wharton"  ovens  built  in  Alberta  in  1907  cost 
eight  hundred  and  fifteen  dollars  each  completed,  and  today 
the  cost  might  reach  nine  hundred  and  fifty,  or  one  thousand 
dollars  each. 

The  following  is  a  list  of  the  coke  ovens  in  Western  Can- 
ada. Of  these  one  thousand,  nine  hundred  and  thirty  seven 
ovens,  all  except  fifty  are  beehive  in  principle: 

Alberta 

Coleman, 216  Beehive 

^Lille , 50  Bernhard  Belgian 

Passburg, 101  Mitchell  rectangular 

^Not  now  in  use. 
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British  Columbia 

Comox  , 100  Beehive 

Fernie -450  Beehive 

2  Mitchell   (experimental) 

Hosmer, 240  Beehive 

Morrissey, 240  Beehive 

Michel, 486  Beehive 

Union  Bay, 50  Beehive 

Owing  to  the  ever  increasing  cost  of  labour,  it  is  advisable 
to  charge  the  ovens  by  some  mechanical  device.  Steam  and 
electric  larrys  are  used,  but  the  electric  larry  has  been  found 
the  more  satisfactory  for  this  purpose  where  electricity  is 
available.  Where  two  rows  of  ovens  have  been  banked  back 
to  back,  the  larry  is  operated  upon  a  track  running  along  the 
centre  of  the  battery  throughout  its  entire  length.  A  chute 
is  attached  at  each  side  of  the  larry,  and  any  oven  in  the 
battery  may  be  filled  in  a  few  moments  by  a  single  discharge. 
An  average  charge  for  a  beehive  oven  twelve  feet  in  diameter 
is  five  short  tons  for  forty-eight  hour  coke.  This  charge 
will  be  about  twenty-three  inches  deep  on  the  floor  of  the 
oven.  Seven  short  tons  is  the  charge  for  seventy-two  hour 
coke,  and  this  charge  lies  about  twenty-nine  inches  thick  on 
the  floor.  After  charging,  the  labourer  who  attends  to  this 
as  well  as  three  or  four  adjacent  ovens,  then  levels  off  the  coal 
by  means  of  a  long  hoe  for  the  purpose,  which  he  operates 
through  the  upper  portion  of  the  door.  He  then  bricks  up 
the  remaining  openings  in  the  door,  and  tightly  lutes  up  all 
the  crevices  with  clay. 

The  charge  is  ignited  by  the  heat  remaining  in  the  walls 
of  the  oven  from  the  previous  burn.  Ignition  begins  at  all 
the  surfaces  which  are  in  contact  with  the  hot  walls,  and 
also  at  the  top  of  the  coal.  Along  this  latter  surface,  owing 
to  the  semispherical  form  of  the  interior  of  the  crown,  and 
the  combustion  of  some  of  the  volatile  hydrocarbons  liberated 
in  the  early  stages  of  the  burning,  the  heat  is  very  intense. 
Coking  is  well  advanced  here  by  the  time  the  volatile  materials 
of  the  interior  of  the  charge  begin  to  be  liberated.     On  their 
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way  up  lo  the  surface  Ihc  liydrocarbons  are  broken  up,  and 
are  deposited  upon  any  part  of  the  charge  sufficiently  hot  to 
dcconii)ose  them.  These  deposited  hydrocarbons  greatly  in- 
crease the  weight  of  the  product.  The  whole  charge  should 
be  thoroughly  ignited  in  two  or  three  hours  after  being  placed 
in  the  oven.  The  attendant,  by  looking  through  a  small 
aperture,  can  tell  when  this  stage  has  been  reached.  The 
coal  glows  brightly,  and  heavy  dark  wreaths  of  smoke  begin 
to  rise,  showing  an  insufficiency  of  air.  Some  of  the  clay 
from  the  top  of  the  door  should  now  be  removed  with  a  trowel 
to  admit  air  above  the  charge.  Portions  of  the  volatile  hydro- 
carbons begin  to  burn  just  above  the  coal.  Within  the  next 
four  or  five  hours  the  maximum  temperature  of  the  burn, 
about  ^2'200°  F.,  should  be  reached.  At  this  stage  the  flames 
should  be  red,  and  if  much  black  smoke  appears  above  the  charge 
more  air  should  be  admitted  by  removing  some  more  clay.  The 
coking  coal  will  expand.  A  maximum  increase  in  thickness 
of  about  2.5  inches  takes  place  in  about  3.5  hours  after  ignition. 
If  the  flames  leap  wildly,  and  become  of  a  paler  colour,  the 
combustion  has  become  too  rapid,  and  part  of  the  draft  should 
be  shut  off  by  plastering  some  clay  into  the  aperature.  An 
experienced  coke  oven  foreman  can  judge  fairly  accurately 
of  the  proper  temperature  of  an  oven  by  the  appearance  of 
the  charge. 

a  In  about  twenty-four  hours  after  charging  for  a  forty- 
eight  hour  burn,  the  flames  die  down,  and  the  interior  of  the  oven 
appears  more  tranquil.  The  surface  of  the  charge  is  a  bril- 
liant light  red  colour.  The  volatile  hydrocarbons  have  all 
been  burned  off.  To  prevent  the  loss  of  fixed  carbon  by  com- 
bustion, the  crevice  at  the  top  of  the  door  should  be  again 
luted  up  tight,  and  the  oven  will  stand  with  very  little  at- 
tention for  another  twenty-four  hours.  At  the  end  of  that 
time  the  charge  should  be  a  mass  of  glowing  coke  fused  together 
into  a  solid  body.     There  is  no  sign  of  flame  of  any  sort. 

The  upper  bricks  of  the  door  are  now  removed,   and  a 
long  iron  pipe  inserted,  through  which  water  is  turned  upon 

*A  maximum  temperature  of  2i78"  F.  has  been  observed  immediately 
above  the  coke. — Fulton. 
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the  glowing  coke.  The  end  of  the  pipe  is  bent  to  direct  the 
water  downwards  in  order  that  the  white-hot  brick  lining  of 
the  oven  may  not  be  injured  by  the  sudden  cooling.  The 
water  is  instantly  turned  into  steam,  which  rises  in  great 
clouds  above  the  oven,  making  a  most  beautiful  sight  on  a 
c'.ear  morning.  The  sudden  cooling  causes  the  coke  to  con- 
tract and  break  into  columnar  pieces,  the  axes  of  which  are 
normal  to  the  top  and  bottom  surfaces  of  the  charge.  The 
coke  absorbs  much  moisture,  but  most  of  this  is  again  ex- 
pelled, during  the  process  of  drawing,  by  the  heat  of  the 
oven  walls.  The  coke  is  now  small  enough  to  be  handled, 
and  is  drawn  through  the  doorway  by  a  long-handled  iron 
rake,  operated  over  an  iron  bar  inserted  in  the  jams  of  the 
oven  door.  This  work  is  very  arduous,  but  no  better  way 
of  drawing  has  yet  been  devised  for  this  type  of  oven. 

During  the  drawing  the  oven  becomes  considerably  cooled 
off  by  the  admission  of  so  much  air  and  water,  and  is  usually 
charged  at  once.  If,  however,  the  doorway  be  closed  by  a 
sheet  iron  door  made  for  the  purpose,  and  a  cover  be  placed 
over  the  charging  hole  in  the  top,  the  temperature  will  rise 
greatly  during  the  next  two  hours.  Not  only  will  the  time 
of  coking  for  the  next  charge  be  shortened,  but  the  quality 
of  the  coke  will  be  improved,  and  the  danger  of  black-ends 
caused  by  incomplete  combustion  owing  to  a  cool  oven  floor 
will  be  avoided.  • 

The  temperatures  as  measured  by  a  pyrometer  in  the 
upper  part  of  a  beehive  oven  charge  during  a  forty-four  hour 
burn  are  here  recorded: 


Time 


11.30  A.M 

1.30  P.M. 

3.30      " 

5.30      " 

Temperature 
Fahrenheit  Degrees 

1260  I       Fresh  charge  put  in  oven 
1330  j       Period  of  ignition. 

1870  ^       Air  admitted  above  charge. 
1870  [      Volatiles  burning  off.     Swelling  of 
J       charge. 
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Time 


Temperatuue 
Fahrenheit  Degrees 
7.30  P  M.  17G0  )       Some  draft  shut  off  owing  to  too 

S       violent  ignition. 


9.30 

" 

11.30 

t« 

1.30  A.M. 

3.30 

5.30 

7.30 

9.30 

11.30 

1.30  P.M. 

3.30 

5.30 

7.30 

9.30 

11.30 

1.30 

A.M. 

3.30 

5.30 

7.30 

1830 
1800 
1830 
1830 
1830 
1830 
1260 
1540 

1470  1 
1470  I 
1260  j 

1980^ 
1800  I 
1800  ! 
1800  > 
1800 
1800 
1800 


The  volatile  hydrocarbons  were  be- 
ing driven  off,  and  part  of  them 
burned  above  the  charge. 


The  oven  door  luted  up  and  oven 
tranquil. 


Owing  to  the  drop  in  temperature 
ture,  a  little  air  was  admitted  and  a 
small  amount  of  the  fixed  carbon 
was  burned  off  after  which  the 
cover  was  placed  on  and  the  door 
luted  up  tight. 


It  would  seem  that  the  variations  in  temperature  of  this 
oven  were  more  numerous  than  those  during  an  average 
burn,  as  the  foreman  having  the  oven  under  special  super- 
vision, and  also  having  the  pyrometer  readings  to  guide  him. 
erred  by  admitting  too  much  and  then  not  enough  air.  The 
maximum  difference  in  temperature  during  an  average  burn 
would  doubtless  be  greater  than  the  above,  as  the  attendant 
usually  is  guided  by  the  appearance  of  the  charge  only.  It 
w^ill  also  be  noted  that  this  forty-eight  hour  charge  of  ap- 
proximately five  tons  was  ready  to  draw  in  forty-four  hours. 
This  was  due  to  the  good  condition  of  the  oven,  permitting 
of  a  high  temperature  being  quickly  attained  and  continued 
throughout. 
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An  example  of  the  results  obtained  by  a  company  using 
the  Bradford  breaker  and  the  beehive  coke  oven  is  here  given. 
An  average  analysis  of  run-of-mine  coal  is  as  follows: 


A  Seam 
B  Seam 


VOLATILES 


FIXED 
CARBON 


20.39 
20.90 


63.52 
63.20 


15.00 
15.30 


These  two  coals  are  mixed  together  in  the  proportion 
of  two  parts  of  B  Seam  coal  to  one  part  of  A  Seam  coal.  The 
coal  passes  over  two  sets  of  stat'onary  grizzlies  having  a 
top  spacing  of  four  inches,  and  a  bottom  spacing  of  two  inches, 
and  set  at  an  angle  of  30°  and  33°  with  the  horizontal.  The 
coal  passing  through  the  grizzlies  falls  upon  a  screen  having 
two  inch  openings.  That  which  passes  through  this  screen  goes 
to  the  Bradford  breaker,  the  screens  of  which  have  three- 
quarter  inch  circular  holes.  An  average  analysis  of  this  pre- 
pared coal  is  about  as  follows: 


MOISTURE 

1      VOLATILE  HTDROCARBOXS      |       FIXED  CARBON 

ASH 

1.06% 

20.08                         65.42 

13.44 

The  coke  from  the  above  coal  analysed  as  follows: 

MOISTURE 

1      VOLATILE  HYDROCARBONS      |       FIXED  CARBON       | 

ASH 

0.37% 

0.76%                          79.41 

19.46 

From  the  best  figures  available  in  1910,  this  Company 
estimated  that  they  produced  ^63.2  percent  of  coke  from  the 
coal  charged  into  their  ovens.  The  theoretical  percentage 
of  coke,  taking  the  above  analysis  of  coking  coal  as  a  basis 
for  calculation  65.42+13.44  +  60  percent  of  the  sulphur 
content    +    deposited    carbon    forming    the    silvery    coating 


results. 


^  In  the  opinion  of  the  Author,  these  figures  are  lower  than  the  actual 


Beehive  Cuke  Ovens  at  Coleman.  Alberta. 


Drawing  Beehive  Coke  Ovens  at  Coleman,  Alberta. 


Belgian  Ovens,  showing  Pu-~li'r,  ul  Lille,  Albi-rta. 


Coke  being  discliarged  hum  Belgian  Ovens  at  Lille.  Alberta. 


Belgian  Coke  Oven  Plant  al  Lille,  Alberta 


Charging  Belgian  Ovens  at  Lille,  Alberta 


Coal  Washerv  at  I'asslnirg,  Alberta. 


Rectangular  (Jveiis  at  Passburg,  Albert; 
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moisture  =  78. 8G  percent.  It  will  be  noted,  however,  that 
only  (53.^2  percent,  of  the  charge  is  claimed  by  the  Company 
as  having  been  manufactured  into  coke.  This  would  mean 
that  15.7  percent  of  the  charge  had  been  burned  or  lost. 
This  would  include  the  fixed  carbon  burned,  and  the  oven 
breezes  or  fines,  which  are  not  saleable. 

On  December  15th,  1910,  the  author  made  three  coking 
tests  from  the  coal  prepared  as  described  above.  In  all  of 
these  tests  he  was  unfortunate,  as  the  mixture  had  too  high  a 
percentage  of  A  Seam  coal,  which  by  itself  does  not  constitute 
a  fiirst  class  coal  for  coking  in  beehive  ovens.  In  addition  to 
this,  the  samples  all  ran  abnormally  high  in  ash.  But  one 
of  these  tests  will  be  described.  An  ordinary  nail  keg  was 
filled  with  coking  coal,  sampled,  heated  up  and  weighed.  It 
was  then  placed  in  an  oven  and  coked  under  the  supervision 
of  the  coke  oven  foreman.  The  resulting  coke  was  weighed  and 
sampled.  The  weights  and  the  results  of  the  analyses  fol- 
lows : 


WEIGHT  OF  KEG 
AND  COAL 

WEIGHT 
OF  KEG 

NET  WEIGHT 
OF  COAL 

WEIGHT 
OF  COKE 

PERCENT 
OF  COKE 

54  lbs.  8  oz. 

4lbs.lloz. 

49  lbs  13  OZ 

36lbs.0oz. 

72.27 

The  coal  analysed: 


MOISTURE  1      VOLATILE  HYDROCARBONS      |        FIXED  CARBON       |  ASH 


0.44% 


9.58% 


57.86% 


24.17% 


The  coke  analysed: 


MOISTURE 


VOLATILE  HYDROCARBONS  FIXED  CARBON  ASH 


0.44% 


1.34% 


74.05%  24.17% 


444      Coking  Processes  for  Western  Canada — Williams 

The  theoretical  quantity  of  coke  from  the  foregoing  coal  is : 

Fixed  carbon  57.86  percent.  +    ash  22.08  percent.  =  79.94 
percent.  +  sulphur,  moisture  and  deposited    carbon. 

Of  course  this  high  theoretical  high  percentage  of  coke  is  partly 
due  to  the  large  proportion  of  ash,  but  if  we  were  to  consider 
the  ash  as  15  percent.,  we  should  still  have  the  theoretical  per- 
centage of  coke  about  73  per  cent.  If  we  calculate  the  total 
amount  of  fixed  carbon  in  both  the  coal  charged  and  in  the 
resulting  coke,  we  get: 

49.81  X  57.86  =  28.82  lbs.  F.  C.  in  the  coal,  and 
36.0    X  74.05  =  26.66  lbs.  F.  C.  in  the  coke 


Difference    =     2.16  lbs.  =  7.49%  of  the  fixed  carbon    of  the 
coal  which  was  burned  away  in  coke  making. 

In  addition  to  this,  an  unknown  weight  of  fixed  carbon 
equivalent  to  the  weight  of  volatile  hydrocarbons  collected 
upon  the  coke  to  form  the  glazing  was  also  lost. 

An  effort  to  produce  coke  in  such  a  manner  as  to  retain 
its  dryness  and  hardness  with  bright  coating  and  open  cellu- 
lar structure,  and  at  the  same  time  require  less  labour  and  pro- 
duce a  minimum  amount  of  breeze,  resulted  in  the  Mitchell, 
or  rectangular  oven. 

This  oven  is  essentially  a  beehive  oven  enlarged  and  having 
the  ends  removed.  One  hundred  and  one  of  these  ovens 
have  been  installed  at  Passburg,  Alberta.  A  horizontal  cross 
section  of  this  oven  at  the  floor  is  nearly  a  rectangle,  A 
vertical  section  at  the  pusher  end  is  a  rectangle  4  feet  10 
inches  wide  by  3  feet  0  inches  high,  and  surmounted  by  a 
segment  of  a  circle  of  radius  2  feet  10  inches.  The  total  height 
floor  to  crown  of  arch  is  4  feet  6  inches.  The  lining  at  the 
sides  and  the  floor  is  constructed  of  fire  clay  brick.  A  double 
brick  floor,  in  order  to  retain  more  heat  between  charges,  was 
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trlrd  at  l'\M-ni(\  B.C.,  and  was  fouiul  lo  he  an  advantage. 
Tlu>  toj).  or  crown,  is  lined  with  silica  brick.  The  end.s  are 
closoil  hy  bric-kini!;  and  hiling  up  the  cracks  with  clay,  as  in 
the  case  of  the  beehive  oven,  or  preferably  by  a  patent  door 
of  iron,  lined  with  a  silica  composition.  At  the  side  of  the  bank 
of  ovens  is  a  wide  track,  upon  which  moves  the  carriage  for 
the  coke  ram  and  leveller,  operated  by  steam  or  electricity. 
The  leveller  is  made  to  operate  near  the  top  of  the  oven, 
and  is  51  feet  11  inches  in  length.  It  is  several  inches  narrower 
than  the  interior  of  the  oven,  and  is  composed  of  two  side  pieces 
of  steel  connected  at  short  intervals  by  cross  pieces,  which 
act  as  hoes,  levelling  the  high  places  into  the  hollows.  When 
not  in  use  it  is  pulled  back  far  enough  to  clear  the  end  of 
the  ovens  and  is  carried  in  this  position.  The  pusher  ram 
is  43  feet  long,  and  is  provided  with  a  face  of  a  proper  size 
to  readily  enter  the  doorway  at  the  narrower  end  of  the  oven. 
The  limit  of  its  travel  is  33  feet  6  inches,  which  is  sufficient 
to  permit  it  to  enter  the  oven  and  force  the  last  of  its  con- 
tents out  at  the  far  side.  Both  pusher  and  leveller  are  opera- 
ted by  pinion  and  rack. 

In  Passburg,  charging  is  done  by  an  electric  larry  of 
ten  tons  normal  capacity.  When  from  eight  to  eleven  tons 
of  charge  have  been  run  into  an  oven,  the  leveller  is  entered 
at  the  upper  part  of  the  doorway,  which  had  been  left  open 
for  the  purpose;  is  run  along  the  top  of  the  charge,  and  with- 
drawn.    The  doors  are  then  closed  and  luted  up  with  clay. 

The  burning  is  very  similar  to  that  described  above  under 
the  head  of  the  beehive  oven.  The  drafts  are  controlled 
from  both  ends.  An  eight  ton  charge  can  be  burned  in  forty- 
eight  hours,  w^hile  an  eleven  ton  charge  requires  seventy- 
two  hours.  When  burning  is  completed,  the  doors  are  removed 
and  the  coke  is  quenched  in  the  oven,  after  which  it  is  pushed 
out  upon  the  yard.  A  charge  can  be  pushed  out  and  the  ram 
moved  on  to  the  next  oven  in  two  minutes. 

The  quality  and  character  of  the  coke  produced  is  practi- 
cally the  same  as  the  product  of  the  beehive  oven.     The  coke 
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receives    a    minimum    amount    of    handling    after    quenching, 
for  which  reason  there  is  a  small  proportion  of  fines   or  breeze. 

An  average  output  for  the  one  hundred  and  one  Pass- 
burg  ovens  should  be  two  hundred  and  fifty-five  tons  per 
day  while  making  forty-eight  hour  coke.  For  this  output 
the  following  men  would  be  required: 

1  larryman  (b  $2.47  $2.47 

1  pusher  engineer  @,     3.18  3.18 
5  to  7  men  to  remove  coke  from  in  front  of 

doors,  to  lute  up  doors,  for  carting,  etc., 

@  2.47  +  horse  18.00 

2  watchmen                      @  3.00  6.00 
1  foreman                           @  4.00  4.00 


$33 . 65 


33.65  -r  255  =  13  ^cents  per  ton  of  coke. 


For  the  same  number  of  beehive  ovens,  the  approximate 
output  would  be  one  hundred  and  fifty-nine  tons  of  coke 
per  day.  The  probable  number  of  men  required,  and  the 
cost  of  labour  would  be: 


23  levellers  and  drawers 

@ 

.80    per  oven 

40.00 

1  foreman 

@ 

4.00 

4.00 

2  watchmen 

@ 

3.00 

6.00 

2  plasterers 

@ 

2.47 

4.94 

1  larryman 

@ 

2.47 

2.47 

1  carter  +  horse 

3.18 

$60.59 
$60.59^  159  =  38  ^cents  per  ton  of  coke. 

In  addition  to  this  should  be  considered  the  fact  that  the 
proportion  of  breeze  is  much  less  with  the  rectangular  oven 
than  is  the  case  with  the  beehive  oven. 


'No  allowance  made  for  loading  on  R.  R.  cars. 
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At  Lillc«,  Alberta,  are  fifty  Belgian  coke  ovens  of  the 
Bernard  type.  These  ovens  belong  to  the  retort  class,  and 
are  the  only  ones  of  their  kind  in  western  Canada.  They 
are  33  feet  long,  and  (5  feet,  0  inches  high,  and  have  an  average 
width  of  24  inches.  The  interior  tapers  slightly  from  end 
to  end,  and  is  narrowest  at  the  pusher  end.  This  facilitates 
the  removal  of  the  coke.  Each  end  o'  the  oven  is  closed  by 
a  door  while  charging  and  coking  are  in  progress.  The  ovens 
are  charged  with  about  five  and  a  half  or  six  tons  of  coal 
from  three  larries  through  three  holes  in  the  top.  They  are 
immediately  levelled  by  a  long  rake,  introduced  through 
the  pusher  end  of  the  oven.  All  cracks  and  other  openings 
are  carefully  luted  with  fireclay  to  prevent  leakage  of  air 
Dampers  regulate  the  supply  of  air  to  the  coking  chamber. 
Coking  commences  at  all  the  surfaces  in  contact  wath  the  highly 
heated  brick  work,  and  the  gases  produced  rise  and  pass  out 
through  openings  at  the  top  of  the  walls  into  a  flue  between 
the  ovens.  Here  they  meet  a  current  of  air  sufficient  to  nearly 
burn  them  as  they  pass  dow^n  to  a  larger  flue  beneath  the 
adjacent  oven.  At  this  point  they  meet  the  similar  gases 
from  the  second  oven,  pass  its  entire  length,  and  return  under 
the  first  oven.  The  gases  have  now  reached  the  pusher  side 
of  the  battery,  and  pass  out  into  the  general  flue  leading  to 
the  chimney,  or  fan,  which  produces  the  draft.  At  some  plants 
these  gases  are  drawn  under  boilers  and  used  to  produce  steam. 
Usually  forty-eight  hour  coke  is  made,  and  in  order  to  uti- 
lize the  excess  heat,  the  ovens  are  built  in  pairs.  Fifteen  pairs 
of  ovens  are  grouped  into  a  battery.  At  Lille,  the  whole 
fifty  ovens  are  in  one  battery.  Alternate  ovens  are  charged 
on  alternate  days.  By  this  arrangement,  an  oven  which  has 
just  been  emptied  always  has  a  hot  one  on  either  side  of  it. 

On  the  completion  of  the  burn,  each  door  is  lifted  by  means 
of  a  winch.  The  pusher  ram  is  brought  into  place,  and  the 
whole  charge  is  pushed  out  of  the  oven  in  a  solid  mass  upon 
the  dock  at  the  far  side.  Here  a  hose  is  played  upon  the  glow- 
ing coke,  and  it  is  broken  up  and  cooled  for  loading.  This 
system  of  cooling  coke  adds  much  to  its  moisture. 
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operators   of  the   Lille   plant   claimed   \he  following 
for  their  ovens  as  a  fair  average  of  results  attained: 


MONTH 

TONS  CHARGED 

TOXS  COKE  MADE 

COKE  = 
PERCENT  OF  COAL 

August,  '10 
September, '10 
July,  1910 

5470 
5520 
5630 

4247.5 
4571.0 
4230.9 

77.65 

82.81 

75.15 

Avg.  %  coke  = 

78.52 

Total 

16620 

13049.4 

Analyses  of  the  run-of-mine  coal,  washed  coal  and  coke  are 
not  at  hand.  The  following  figures  were  arrived  at  by  one  of 
the  officials  at  the  ovens  who  burned  some  samples  in  fire 
clay  crucibles: 

Run-of-mine  16}^%  ash 

Washed  coal  11/4%  ash 

Coke  15%       ash,  or  a  little  less. 

The  report  of  the  Department  of  Mines,  entitled  "In- 
vestigation of  the  Coals  of  Canada,"^  gives  for  run-of-mine 
at  the  Lille  Colliery,  No.  1  Seam,  the  following  proximate 
analysis : 

Volatile  Hydrocarbons  25 . 0 

Fixed  Carbon  58.6 

Ash  16.4 


Total : 


100.0 


It  was  further  claimed  that  a  better  price  was  procured 
for  the  Lille  coke  than  was  paid  for  the  beehive  oven  coke  of 
the  district. 

As  compared  with  the  beehive  oven,  the  special  points 
of  merit  in  the  Belgian  oven  are: 

1.  Its  ability  to  make  good  coke  from  coal  which  in  a 
beehive  oven  would  not  make  commercial  coke. 


H'ol.  11,  page  185,  Table  LXIII. 
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Owinji  lt>  llu'  iirrangemcnt  of  the  ovens  in  pairs,  and  the 
sysleni  of  charginj;-  allernato  ovens,  the  temperature  is  high 
from  tlie  firsl,  and  is  maintained  throughout.  This  is  of  great 
importance  in  coking  lean  coals. 

'i.  The  yield  of  the  15elgian  oven  is  from  five  to  ten  per- 
cent more  than  that  of  the  beehive  oven  after  the  amount  of 
moisture  is  equated.  This  increase  is  due  to  the  saving  in  the 
fixed  carbon  owing  to  the  exclusion  of  air  from  the  oven  during 
coking.  The  following  figures^  obtained  from  tests  upon 
coal  coked  at  Hollidaysburg,  Pa.,  give  a  concrete  example. 

The  coal  analysed: 

Volatiles  22 .  38 

Fixed  Carbon  68.50 

Ash  8.00 

Sulphur  1.12 

100.00 

Considering  forty  percent  of  the  sulphur  as  volatilized,  the 
theoretic  quantity  of  coke  from  this  coal  would  be  77.17 
percent.     The  results  in  Belgian  ovens  were: 


COAL   CHARGED  COKE    MADE 


PERCENT   OF    COKE 
PRODTCED 


6 .  86  gross  tons 


4.81  gross  tons  70.12  percent 


The  same  coal  in  beehive  ovens  made  sixty-four  percent  coke. 

In  addition  to  this,  it  is  estimated  by  the  builders  that 
sufficient  heat  could  be  secured  from  the  waste  gases  from 
this  battery  of  fifty    ovens  to  operate  a  600  H.P  boiler  plant. 

3.  It  costs  less  in  wages  to  operate  the  Belgian  ovens 
than  it  does  to  operate  beehive  ovens,  as  both  charging 
and  discharging  are  done  by  machinery.  The  doors  of  the 
former  type  of  oven  are  constructed  in  one  solid  piece,  and  are 
attached  or  taken  down  instantly,  whereas  those  in  the  bee- 
hive oven  are  constructed  or  removed  brick  by  brick. 

8  "Coke,"  by  John  Fulton. 
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4.  Owing  to  the  dampers  in  use  in  the  Belgian  ovens, 
the  temperature  is  more  readily  regulated,  and  the  coking 
is  better  under  control,  and  imperfect  burns  are  less  liable  to 
occur. 

On  the  other  hand,  the  coke  produced  in  the  beehive 
oven  has  a  silvery  coating  of  deposited  carbon,  and  has,  for 
this  reason,  a  finer  appearance,  and  is  more  immune  from 
attack  of  the  gases  in  the  upper  zones  of  the  blast  furnace. 
The  crushing  strength  of  beehive  ovens  coke  has  usually  been 
considered  greater  than  that  made  in  retort  ovens.  Recently, 
however,  retort  oven  coke  has  been  made  which  will  withstand 
harder  usage  than  that  produced  in  beehive  ovens. 

When  the  opportunity  for  utilizing  the  surplus  heat  for 
steaming  purposes  is  considered,  there  s  not  the  slightest 
doubt  that  the  Belgian  ovens  at  Lille  are  for  this  district  a 
great  advance  in  the  right  direction. 

The  ovens  described  above  are  the  types  now  to  be  found 
in  the  western  provinces  of  Canada.  Of  these,  that  nearest 
approaching  the  saving  of  by-product-,  or  making  any  use 
of  the  surplus  heat  sent  into  the  air  by  the  beehive  oven, 
is  the  Belgian  oven.  Various  other  ovens  may  reasonably  be 
expected  to  enter  this  field  before  long,  and  of  these  a  few  will 
be  mentioned. 

Of  the  simpler  type  of  by-product  ovens,  the  by-product 
beehive  oven  comes  first.  This  oven  is  an  adaption  from  the 
former  beehive  oven.  An  attachment  conducts  the  gases 
from  the  outlet  in  the  crown  of  the  main  gas  channel  con- 
structed of  bricks,  or  into  large  gas  mains.  The  gas  is  after- 
w^ards  treated  to  save  by-products.  Coke  practically  as  good 
as  that  made  in  the  ordinary  beehive  oven  is  made  in  this 
way.  It  has  the  same  structure,  but,  like  retort 
oven  coke,  is  dull  in  colour.  The  proportion  of  by-products 
is  less  than  w^hen  the  same  coal  is  coked  in  a  by-product  oven 
of  the  retort  type^.     The  following  results  have  been  attained: 

Coke  seventy-five  percent;  ammonium  sulphate,  one 
percent;    tar,  two  and  a  half  to    three  percent.     ^Doctor  Otto 


^  John  Fulton. 
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builds  ami  oporalos  these  ovens  in  Germany,  making  coke  for 
the  company  at  whose  colliery  they  are  constructed.  From 
the  by-products  he  makes  in  twelve  years  the  cost  of  the 
ovens,  interest  on  his  investment  and  profit.  At  the  end  of 
this  period  the  whole  plant  becomes,  by  the  terms  of  his  agree- 
ment, the  property  of  the  coal  company.  In  the  meantime 
they  have  been  receiving  as  coke  about  seventy-five  percent 
of  the  weight  of  their  coal  charged,  instead  of  a  probable 
65  percent  which  they  would  have  made  by  the  ordinary 
beehive  oven  process. 

Other  ovens  which  are  in  greater  or  less  favour  are:  The 
Coppee,  the  Simon  Carves,  the  Knab,  the  Hussner,  the  Bauer, 
the  Seibel,  the  Otto-Hoffman,  the  Semet-Solvay  (the  first 
by-product  ovens  in  America  built  in  1892),  and  the  Koppers. 
All  these  ovens  are  long  and  narrow,  of  the  retort  type,  having 
a  coal  charge  5  or  6  feet  deep.  The  Appolt  has  a  vertical 
chamber,  having  a  coal  charge  deep  in  proportion  to  its  length. 
Although  several  other  types  of  ovens  exist,  those  mentioned 
are  most  in  favour,  and  of  these  the  Otto-Hoffman,  the  Semet- 
Solvay  and  the  Koppers  lead. 

Section  III. 

In  a  general  way  it  may  be  said  that  coals  having  twenty 
percent  or  over  of  volatile  combustible  matter  will  coke  well 
in  a  beehive  oven.  The  thinness  of  the  charge  upon  the  floor 
enables  the  cellular  structure  to  develop  well.  Coking  in  this 
oven  is  slower  than  in  the  case  of  the  retort  oven,  owing  to 
the  fact  that  so  much  heat  is  lost  during  quenching  and  draw- 
ing. During  the  process  of  warming  up,  many  of  the  gases 
escape,  and  a  higher  temperature  is  necessary  in  order  to  cause 
a  fusion  or  caking  in  the  mass  of  coal. 

It  is  possible  for  the  cellular  structure  of  the  coke  to  be- 
come too  much  developed  in  the  case  of  coals  very  high  in 
volatile   matter.      This   trouble   is   usually   overcome   by; 

1.  Mixing  with  these,  other  coals  lower  in  volatiles. 

(CC) 
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2.  By  not  crushing  the  coal  so  fine. 

3.  By  keeping  the  temperature  of  the  oven  from  running 
very  high,  especially  during  the  early  part  of  the  burn.  These 
methods  may  often  be  combined  to  advantage.  For  a  coal 
running  below  20  percent  in  volatile  hydrocarbons,  and  especial 
ly  for  one  having  these  constituents  ranging  from  15  to  17  per- 
cent, a  retort  oven,  having  a  long,  narrow  chamber,  will  give 
best  satisfaction.  The  thinness  of  the  charge  permits  of  the 
heat  of  the  oven  walls  being  applied  directly  and  efficiently 
to  the  coal  being  coked.  The  coal  lies  deeper  in  this  oven 
than  is  the  case  with  the  beehive  charge.  This  results  in 
some  compression  of  the  coal,  and  assists  in  the  coking  opera- 
tion. The  quickness  with  which  the  charge  is  heated  enables 
all  the  volatile  materials  contained  in  the  coal  to  be  made  use 
of  before  they  have  had  time  to  escape.  Retort  oven  coke 
differs  from  beehive  oven  coke  by  being  more  compact,  with 
diminutive  cellular  structure  and  with  less  metallic  appearance 
and  ring,  when  struck. 

If  an  effort  is  to  be  made  to  coke  coals  with  less  than 
15  percent  volatile  combustible  matter,  a  retort  oven  of  the 
Appolt  type,  having  a  short,  deep,  thin  charge,  resembling 
in  its  position  an  ordinary  brick  on  end,  should  get  results  if 
they  are  to  be  had.  The  coal  is  made  fine  and  in  the  worst 
cases  recourse  is  had  to  ramming.  This  is  sometimes  done 
within  the  oven,  and  greatly  assists  in  compacting  the  charge. 
Again  ramming  is  done  outside  of  the  oven.  In  this  case 
the  coal  is   made  into  a  kind  of  briquette  before   charging. 

It  has  been  found  that  by  crushing  the  coal  very  fine 
the  coking  operation  is  hastened.  This  will  readily  be  under- 
stood after  observing  a  partially  coked  lump  of  coal.  It  will 
be  seen  that  the  outside  has  been  fused,  while  the  in- 
ner portion  is  more  or  less  unchanged.  A  hotter  oven  is  required 
for  finely  crushed  coal  than  for  one  charged  with  coarser 
material,  as  the  fine  coal  lies  in  a  compact  mass,  and  is  fairly 
impervious  to  the  heat.  The  degree  of  fineness  to  which 
the  coal  should  be  crushed  will  depend  upon  the  percentage 
of    volatile    matter   contained,    and   the    quality    of   the   coke 
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desired.  A  eoal  low  in  voliiLiles  should  be  crushed  finer  than 
one  rich  in  these  constituents  in  order  that  all  the  volatile 
materials  may  be  made  use  of  at  nearly  the  same  time.  Experi- 
ments'" show  that  a  coarse  coal  produces  a  heavy  coke  with 
little  cellular  structure.  The  average  weight  of  coke  made  from 
run-of-mine  coal  is  61. Gl  pounds  per  cubic  foot.  Coke  from  a 
fine  coal,  on  the  other  hand,  is  purer,  more  uniform  in  char- 
acter, has  a  well  developed  cellular  structure,  and  on  an  average 
weighs  only  60.59  pounds  per  cubic  foot.  The  purer  the  coal, 
the  lighter  will  be  the  coke  produced. 

The  selection  of  an  oven  for  any  particular  coal  should 
not  be  made  until  full  sized  practical  tests  have  been  run  in 
the  types  of  ovens  under  consideration,  as  coals  giving  very 
similar  analyses  act  very  differently  when  coking.  Retort 
ovens  are  now  made  to  handle  successfully  coals  either  high 
or  low  in  volatile  constituents. 

Section  IV. 

The  coking  plant  of  the  Algoma  Steel  Company,  at 
Sault  Ste.  Marie,  Ontario,  is  a  good  example  of  the  use  of 
modern  coking  methods.  The  plant  consists  of  two  batteries 
of  Koppers  by-product  ovens,  each  containing  55  ovens. 
There  is  also  the  necessary  equipment  for  saving  tar  and  am- 
monia. These  ovens  make  use  of  an  adaption  of  the  Siemens' 
regenerative  principle.  Each  oven  is  placed  above  its  own 
checkered  brick  regenerator.  The  dimensions  of  an  oven 
vary  somewhat,  according  to  the  coal  it  is  intended  to  coke. 
The  following  are  the  inside  dimensions  ol  the  ovens  of  the 
Algoma  Steel  Company:  length  37  feet,  width  17  inches  and 
21  inches,  height  9  feet  10  3  s  inches.  The  coal  used  for  coking 
is  imported,  and  is  a  mixture  of  40  percent  Pocahontas  and 
60  percent.  Cannelton.  This  mixture  analyses  about  20  per- 
cent volatiles.  The  charge  is  approximately  12.75  tons  of 
coal  trom  which  about  10  tons  of  coke  are  produced.  The 
following  flow  sheet  indicates  the  course  of  the  coal  and  by- 
products : 

lOFulton. 
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Flow  Sheet  No.  3. 
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A  boat  can  be  unloaded  of  eighty-five  thousand  tons 
by  two  electric  diggers,  each  handling  three  and  a  half  tons 
per  bucket,  in  forty  hours.  The  twenty-ton  cars  into  which 
the  diggers  load  are  drawn  up  upon  a  low  trestle  and  dump 
their  coal  at  the  side.  Here  it  is  picked  up  by  the  bucket 
of  the  great  storage  and  reclaiming  bridge,  which  either  drops 
it  in  the  central  portion  of  the  storage  yard  for  future  use, 
or  places  it  upon  a  belt  conveyor  to  be  carried  to  the  Bradford 
breaker.  All  the  coal  is  broken  to  pass  through  a  metal  screen 
of  one  inch  circular  perforations. 

The  Pocahontas  and  the  Cannelton  coal  are  broken 
separately  and  stored  separately  in  two  bins  each  of  which 
will  hold  one  hundred  tons.  As  required  the  coal  is  fed  into 
the  mixer  in  the  proportions  above  mentioned.  On  leaving 
the  mixer,  all  the  coal  passes  over  a  magnetic  separator  to 
take  out  any  pieces  of  iron  or  steel  before  it  reaches  the  crusher. 
All  the  coal  is  further  crushed  by  a  hammer-mill  crusher 
until  eighty-five  percent  of  it  will  pass  through  a  number  sixty- 
four  wire  mesh  screen.  From  the  crusher  a  conveyor  takes  the 
coal  to  a  two  hundred  ton  storage  bin.  From  this  bin  the  larries 
are  loaded  through  three  sets  of  chutes,  each  set  loading  into 
a  special  compartment. 

Each  oven  is  filled  through  three  holes  by  a  single  dis- 
charge of  the  electric  larry,  which  is  operated  on  the  third 
rail  principle,  as  are  also  the  diggers,  storage  bridge,  pusher 
ram,  and  movable  elevators  of  the  whole  plant.  Coking 
commences  along  the  highly  heated  floor  and  sides  of  the  oven. 
The  course  taken  by  the  gases  driven  off,  and  by  the  air  which 
enters  into  combustion  with  them,  is  illustrated  by  the  following 
flow  sheet: 
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Flow  Sheet  No.  4. 
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The  direction  of  the  passage  of  the  air  and  gas  is  automatically 
reversed  every  thirty  minutes.  This  keeps  the  regenerators 
heated. 

As  in  all  gas  producers,  the  richer  gas  comes  off  in  the 
earlier  stages  of  the  burning.  Advantage  may  be  taken  of  this 
fact  to  secure  different  qualities  of  gas.  The  whole  burn  is 
completed  in  eighteen  hours,  after  which  the  coke  pusher  is 
brought  up.  The  door  at  the  discharge  end  of  the  oven  is 
opened  by  means  of  a  travelling  winch  while  another  attached 
to  the  pusher  opens  the  door  at  that  end.  The  coke  is  quickly 
pushed  out  upon  the  dock,  and  quenched,  by  being  sprayed 
with  water.  Among  the  good  features  of  this  make  of  oven, 
the  following  may  be  mentioned: 

1.  The  gas  nozzle  at  the  bottom  of  each  vertical  flue  is 
placed  at  the  elevation  of  the  floor  of  the  oven,  thereby  keep- 
ing it  thoroughly  heated. 

2.  The  quantity  of  air  and  of  gas  entering  each  flue  may  be 
separated  and  easily  regulated.  In  this  way  the  temperature 
of  the  oven  may  be  kept  uniform  from  end  to  end.  This 
insures  a  quick  and  economical  burn,  because  all  parts  are 
evenly  and  strongly  heated,  and  no  part  is  done  and  losing  in 
weight  by  the  oxidization  of  its  fixed  carbon  before  the  rest 
has  finished  coking. 

3.  The  gas  nozzles,  air  regulators  and  walls  of  the  oven 
may  be  readily  inspected,  and  repaired  if  out  of  order,  without 
closing  down  the  oven. 

4.  All  parts  of  the  oven  are  readily  accessible  for  repair 
work. 

5.  From  fifty  to  sixty  percent  of  the  gas  of  the  coal  is 
available  for  power  or  other  purposes. 

6.  The  temperature  of  the  oven  may  be  guaged  by  the 
appearance  of  the  interior  of  the  walls  in  the  gas  flues  where 
ignition  occurs. 
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7.  The  ovens  may  1)0  run  at  a  quarter  of  I  heir  normal 
ca])acity  without  cooling. 

8.  On  account  of  their  regenerative  chambers  they  may 
be  closed  down  for  a  week  or  so  without  any  reheating  being 
necessary. 

9.  The  surplus  gas  may  be  stored  and  used  when  required, 
or  conducted  long  distances  without  material  loss. 

From  the  12.75  tons  of  coal  charged  about  10  tons  of  coke 
are  produced  worth  from  $3.85  to  $5.00  per  ton;  255  lbs. 
of  ammonia  sulphate  worth  about  $3.50  per  cwt.  ;  108 
gallons  of  tar  worth  about  10^/^  cents  per  gallon  and 
about  72,000  cubic  feet  of  surplus  gas,  having  a  heating 
value  of  from  500  to  653  B.T.TJ's.  and  capable  of  producing 
in  gas  engines  from  70  to  115  H.P.  for  24  hours. 

In  1911,  163  men  were  required  per  day  to  attend  to  the 
110  ovens  for  work  on  the  yards  and  in  the  by-product  plant. 
About  1500  tons  of  coal  were  charged  per  day,  yielding  about 
1175  tons  of  coke. 

Concerning  the  cost  of  these  ovens,  Mr.  W.  E.  Hartman, 
who  represented  the  designers  of  the  Koppers  ovens  at  a 
meeting  of  the  Engineers'  Society  of  Western  Pennsylvania, 
said:^^  "Our  standard  oven  at  this  date  receives  15  tons  per 
charge.  Whereas  beehive  ovens  can  be  built  for  $700  to  $800 
per  oven,  including  all  machinery;  a  by-product  plant  costs 
$12,000  to  $18,000  per  oven,  of  which  cost  the  oven  battery 
itself  absorbs  about  half.  But  on  further  consideration  we  find 
that  the  beehive  oven  on  which  we  are  figuring  receives  a 
charge  of  perhaps  6  tons  every  48  hours,  while  the  up-to-date 
by-product  coke  oven  cokes  its  charge  of  15  tons  in  from  15 
to  18  hours.  With  this  size  of  by-product  oven  and  this 
coking  time  it  has  been  found  that  its  cost  of  construction  is 
about  the  same,  or  a  little  less  than  the  cost  of  the  beehive 
oven  figured  on  the  basis  of  coke  production."  This  is  ex- 
clusive of  the  cost  of  the  by-product  plant. 


^^Coal  Age,  Vol.  2,  page  151. 
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'Section  V. 

Would  a  by-product  plant  pay  in  Western  Canada? 
It  is  obvious  that  a  district  in  which  the  mines  are  located 
closely  together  might  succeed  in  establishing  a  plant  by  se- 
curing the  co-operation  of  the  various  mines  before  it  would 
be  practicable  for  an  individual  mine  to  do  so. 

Let  us  consider  that  section  of  the  Crowsnest  Pass,  Al- 
berta, from  the  vicinity  of  Hillcrest  to  that  of  Coleman.  The 
distance  between  these  stations  along  the  railroad  is  about 
seven  miles.  In  order  to  include  spur  lines  and  to  take  in 
Carbondale  to  the  west  of  Coleman,  let  us  consider  the  dis- 
tance as  nine  miles.  Within  this  distance  lie  the  mines  at  Hill- 
crest,  Bellevue,  Frank,  Blairmore,  Coleman  and  Carbondale. 
It  is  known  that  the  coal  from  all  these  mines  will  coke,  and 
it  is  highly  probable  that  a  very  excellent  coke  could  be  made 
in  a  by-product  oven.  The  International  Coal  and  Coke 
Company  of  Coleman  is  at  present  in  a  position  to  produce 
from  325  to  350  tons  of  coke  per  24  hours,  and  if  the  six  mining 
companies  operating  at  all  the  towns  above  mentioned  could 
produce  approximately  twice  this  quantity,  or  about  650  tons 
per  day,  ^-432  beehive  ovens  similar  to  those  in  use  at  Coleman 
would  be  required,  and  about  1,000  tons  of  coal  would  have 
to  be  burned.  Accepting  Mr.  Hartman's  figures  for  the 
sake  of  comparison,  these  432  ovens  would  cost  at  $800  each, 

$345,600. 

daily  cost 

1,000  tons  of  coal  at  $2.00  per  ton  $2,000 .  00 

100    men,    superintendents,    watchmen, 

plasterers,  horses,  etc.  30.00 

Power  and  incidentals  260 .  00 

Allowing   6   percent   as  interest  on  the 

investment,  and  10  percent  for  sinking 

fund   and   up-keep,   the   annual   charge 

under  this  head — $55,296.,  or  per  day 

^^Total  cost  per  day 
The  revenue  from  these  ovens  would  be 
650  tons  of  coke  at  $3.85 

Approximate  daily  net  revenue  $61.00 


151 

.00 

$2,441 

.00 

$2,502 

.00 

12 Assuming  65",'  of  coke  made  from  coal. 

i^If  this  coke  were  to  be  made  in  several  small  batteries  the  cost  would  be 
slill  greater. 
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If  instead  of  each  company  making  its  own  coke,  a  customs 
cokinj;"  jilant,  or  one  built  and  supported  by  all  six  mines, 
could  be  built,  using  Koi)pers  15  ton  ovens,  the  costs  would 
be  about  as  follows: 

43     ovens     without     by-product     plant 

$344,000. 
Coal  necessary  to  produce  650  tons  of 
coke  per  day  when  making  78.4  percent 
of  coke  is  about  830  tons  at  $2.00  per  ton        $1,660 .  00 
Freight   on  coal,   and  loading   and   un- 
loading charges  at  35  cts.  per  ton  290.50 
Men  required  at  oven — 70  to  75— with 
horses,  etc.  190.00 
Power  and  incidentals  40 .  00 
Allowing    6    percent  as  interest,  and   12 
percent,  for  up-keep  and  sinking  on  capi- 
tal stock,  the  annual  charge  against  this 
plant  is  $61,920.,  or  the  daily  charge                  170.00 


Total  cost  per  day  $2,350.50 

Revenue  from  43  Koppers  ovens,  650 
tons  of  coke  at  $3.85  per  ton  $2,502.00 

Approximate  net  daily  revenue  $152.50 

With  the  Koppers  by-product  plant  a  power  plant  should 
be  installed  from  which  electric  power  should  be  supplied  to 
the  six  mines  making  it  necessary  to  generate  only  enough 
steam  for  heating  purposes.  The  coking  and  power  plant 
should  be  situated  at  some  point  convenient  to  all  the  mines. 
The  capital  cost  of  this  plant  would  be: 

By-product  plant  for  the  43  ovens  $344,000 .  00 

Power  house  buildings  22,000.00 

3  double  gas  engines  with  electric 
generators  generating  4000  H.P.  each 
(one  engine  to  be  used  while  cleaning 
and  repairing  the  others  and  as  the 
demand  for  power  increased)  maximum 
H.P.  12,000 
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Cost  at  $39  per  H.P.  468,000 .  00 

Glass  wool  purifiers  at  $2  per  H.P.  24,000.00 
Gas  holders  (capacity  600,000  cu.  feet 
sufficient    for    4,000    H.P.    for    nearly 

4  hours  at  $11  per  100  cu.  feet)  66,000.00 

Nine  miles  transmission  line  9,900 .  00 

6  step-down  transformers  at  mine  12,000.00 
6  electrically  driven  compressors 

(high  stage)  54,000.00 
6  electrically  driven  compressors 

(low  stage)  42,000.00 

Extra  motors  4,000.00 

2  electrically  driven  mine  hoists%  ^'121,000. 00 
4  electrically  driven  tipple  hoists  % 


$1,066,900.00 
Miscellaneous  wiring,  etc.  $6,000 .  00 

Miscellaneous,    including    mechanical 
charges,  installation,  etc.  50,000.00 


Capital  stock  $1,122,900.00 

The   daily   charge   against   the   by-product   plant   and   power 
plant  would  be: 

Daily    proportion    of    16    percent    per 
annum  on  capital  stock  as  interest,  up- 
keep   and   sinking   fund  492.23 
2  by-product  plant  men  6 .  00 
half  master-mechanic's  wages  at  $5.00  2.50 
9  power  house  engineers  at  3.40  30.60 
2  wipers  at  2 .  89  5.78 
2  gas  mains  watchmen  at  3 .  00  6 .  00 
2  mechanical  or  chemical  engineers  at  $4  8 .  00 
1  or  2  labourers  at  2.47  4 .  94 
Daily  charges  against  plants,  necessary 
to  maintain,  as  auxilliaries  in  case  of 
breakdown  160.00 

Total  $716.05 


"  All  the  mines  do  not  require  hoists. 
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By-products  j)er  ton  of  coal: 

20  lbs.  ammonia  sulphate  at  3.50  per  cwt.  .  70 

8V'2  U.S.  gals  tar  at  7}^  cts.  at  the  ovens  .63^ 

5647  cu.  ft.  surplus  gas — 9  H.P.  per  24  hour  day. 

For  the  battery  of  43  ovens  requiring  830  tons  of  coal 
24  per  hours,  the  by-products  would  be: 

16,600    lbs.    ammonia    sulphate    worth  $581.00 

7,055    gals,    tar    worth    at    the    ovens  529 .  12 

By  refining  the  tar,  further  by-products  may  be  had. 
4,687%  cu.  ft.  of  gas  capable  of  generating  in  gas  engines  ^^8,125 
H.P.  per  24  hours.  This  power,  owing  to  the  wasteful  methods 
by  which  steam  is  usually  generated  at  coal  mines,  could 
be  made  to  save  approximately  225  tons  of  coal  per  day, 
which,  valued  at  $1.75  per  ton  —  $393.75 

This  would  still  allow  for  boilers  being  kept  in  use  for 
heating  purposes.  Seventy-five  firemen  at  $2.89  per  day 
could  be  dispensed  with,  making  a  saving  of  $216.75. 

Electric  light  and  power  to  the  towns  and  private  indi- 
viduals i^$100  to  $140  per  day. 

The  present  number  of  engineers  would  probably  be  re- 
tained to  attend  to  the  motors,  transformers,  etc. 


^^  Figures  based  upon  actual  results. 
^^The  Coleman  light  rates  are  as  follows: 

32  c.  p.  business  per.  lamp  month  $1.10 

32  c.  p.  residence  "       "            "  1.00 

16  c.  p.  business     "       "            "  .55 

16  c.  p.  residence  "       "           "  .50 

100  c.  p.  town  lights  per  lamp  month  3.40 

GOO-700  c.  p.  incandescent  arc  per  lamp  month  6.50 
Power  10  cts.  per  K.  W.  month. 
The  town  has  a  population  of  2,100,  and  has  284  houses  of  all  classes.     An 

average  of  3  lamps  per  house  at  80  cts.  per  month  has  been  assumed.  The 
total  light  and  power  used  was  assumed  at  the  very  conservative  figures  of 
Coleman  house  consumption  X(4)  X. 
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The    total    daily    revenue    of    the    by- 
product   and    power    plants  $1,759.37 
The  daily  charge  716.05 

Approximate  net  daily  revenue  1,043.32 

Approximate  net  daily  revenue  from  ovens  152.50 

Total  net  revenue  from  ovens  and  by- 
product plant  $1,195.82 

In  considering  the  above  figures,  it  should  be  borne  in 
mind,  that  Mr.  Hartman's  figures  for  oven  costs  are  low  for 
the  Western  Provinces.  Actual  figures  for  Western  Canada 
are  not  available.  Allowances  for  this  increased  capital  cost 
would  somewhat  diminish  the  net  revenue.  It  might  be 
impossible  to  operate  the  ovens  on  Sundays  as  on  other 
days,  owing  to  the  objections  of  both  the  Provincial  Government 
and  the  men  themselves  to  Sunday  work.  These  and  other 
unavoidable  delays  would  not  only  diminish  the  coke  and  by- 
product outputs,  but  might  occasion  an  increase  in  capital 
cost  by  making  more  gas  holders  necessary. 

The  ability  of  the  western  coke  market  to  absorb  any  in- 
creased output  of  coke  at  the  present  date  is  also  somewhat 
problematical.  For  a  time  the  sale  of  the  coke  might  be 
difficult,  but  ultimately  at  the  prices  considered  the  by-product 
coke  should  secure  a  ready  market. 

It  is  probable  that  for  some  time  it  would  be  impossible 
to  secure  in  the  west  the  price  here  considered  for  ammonia 
sulphate,  namely  $3.50  per  cwt.  An  outlet  for  this  product 
may,  however,  be  had  in  the  United  States,  where  no  import 
duty  is  charged.  The  output  of  the  Algoma  steel  plant  is 
under  contract  for  eight  years  to  come  at  a  good  price. 

The  output  in  tar  of  the  plant  considered  wou  d  just 
about  supplj^  the  needs  of  the  briquette  plant  at  Bankhead, 
Alberta,  which  is  at  present  using  2,(11,000  gallon)  cars  every 
three  days.  This  tar  is  purchased  in  Sault  Ste.  Marie,  Ontario. 
This  market  should  be  procurable  bj'  a  western  tar  manufactory 
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owiiij;-  to  the  bettor  frciglit  nites  from  tlie  nearer  innul.  Re- 
cently tar  has  been  very  successfully  used  for  generating  power 
in  Deisc'.  engines  and  there  seems  to  be  a  great  future  for  it 
for  power  i)urposes.  Its  use  for  manufacturing  purposes  is 
also  growing. 

The  advent  of  other  industries  in  the  vicinity  of  the 
mining  districts  will  hasten  the  coming  of  the  by-product 
coking  plant.  In  that  part  of  the  Crowsnest  Pass,  considered 
in  the  above  discussion,  is  a  cement  plant  which  could  make 
excellent  use  of  coke  oven  gas.  Another  cement  plant  will 
probably  be  built  soon.  Near-by  lies  a  very  promising  iron 
property,  the  development  of  which  should  be  only  the  matter 
of  a  short  time.  With  the  development  of  any  manufacturing 
industry  of  this  magnitude  near  a  large  field  of  good  coking 
coal,  the  installation  of  a  by-product  coke  oven  plant  would 
be  amply  justified  with  the  existing  prices  and  conditions. 
With  a  good  market  for  coke  and  tar  in  sight,  such  a  plant 
should  succeed  in  any  area  where  a  number  of  producers 
of  coking  coal  are  grouped  closely  together,  even  without 
other  industries,  provided  the  power  requirements  at  the 
mines  can  turn  into  account  the  surplus  gas. 


FOLDED  AND  FAULTED  ZONES  IN  THE  CROWSNEST 

PASS  DISTRICT  AND  THEIR  OPERATIVE 

EFFECT  UPON  ECONOMIC  MINING 


By  RiDGEWAY  R.  Wilson,  Fernie,  B.C. 

Rocky   Mt.  Branch,  Bar.ff  Meetirg 

Among  the  conditions  existing  in  the  Crowsnest  Pass 
coalfield,  which  tend  to  make  systematic  development  diflficult, 
are  those  resulting  from  folding  and  faulting.  Folding  is 
responsible  for  the  varying  dip  and  thickness  of  the  seams, 
and  for  the  formation  of  basins  and  ridges.  Faults  are  of 
frequent  occurrence,  sometimes  of  peculiar  characteristics, 
and  form  an  important  factor  to  be  reckoned  with  in  the  problem 
of  systematically  mining  the  coal. 

The  occurrence  of  coal  seams  in  the  form  of  basins  and 
ridges  is  not  uncommon,  but  when  combined  with  faulting 
and  irregular  thickness  of  the  seams,  the  problem  of  economi- 
cally mining  the  coal  becomes  much  more  difficult.  Take  for  ex- 
ample the  following  occurrences: 

Sketch  No.  1.  shows:  (1)  A  variation  of  105  feet  in  thick- 
ness of  the  intervening  strata  between  two  coal  seams  A.  B. 
and  C.  D.  in  a  horizontal  distance  of  approximately  two 
thousand  feet. 

(2)  A  change  in  thickness  of  the  upper  seam  from  30 
feet  to  16  feet,  and  a  change  in  the  lower  seam  from  7  feet 
to  3  feet. 
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(3)  Two  'jumps'  in  the  lower  scam  of  approximately 
10  feet  each  while  the  upper  seam  remains  practically  un- 
disturbed. 


Seo„,    s' 


t^.g.     1 


The  lower  seam  CD.  has  been  found  to  vary  in  thickness 
from  a  fraction  of  an  inch  to  thirty  feet  or  more. 

Fig.  2  illustrates  a  typical  normal  fault,  the  throw  of 
which  was  sixty  feet.  This  fault  has  been  proved,  by  mining 
operations,  to  extend  laterally  for  almost  a  mile. 


Fig.  2 


(DD) 


468      Folds  axd  Faults  in  Crowsnest  Dist. — Wilson 

Sketch  No.  3  shows  another  fault.  A  portion  of  the  moun- 
tain, for  a  vertical  distance  of  approximately  1,500  feet  above 
the  level  of  the  creek,  (containing  several  seams  of  coal) 
has  broken  away  from  the  main  mountain  mass,  the  fissure 
being  filled  with  debris  from  above.  The  strata  in  the  im- 
mediate vicinity  of  the  fault  have  been  much  disturbed  by 
the  faulting,  and  present  a  broken  and  irregular  condition. 
This  broken  and  irregular  condition  renders  the  work  of 
mining  dangerous,  owing  to  the  presence  of  treacherous 
*  slips'  in  the  roof  of  the  coal  seam. 


Fig.  3 


These  faults  are  frequently  accompanied  by  a  decided 
change  in  the  amount  of  w^ater  or  gas  encountered.  Numer- 
ous other  examples  might  be  given  of  the  folded  and  faulted 
condition  of  the  Crowsnest  Pass  coalfield  with  accompanying 
squeezed  and  expanded  portions  of  the  coal  seams,  faults — 
normal  and  reversed — varying  in  throw  from  a  few  feet  up- 
ward, and  cases  where  the  seams  have  been  reduced  by  squeezing 
to  a  fraction  of  their  original  thickness  or  expanded  to  several 
times  their  original  size. 


We  will  now  briefly  consider,  in  a  general  way,  the  effect 
of  these  conditions  on  economic  mining,  taking,  as  an  il- 
lustration, the  fault  shown  in  sketch  No.  4: 
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(1)  This  fault  cuts  across  an  entire  mine,  apparently- 
leaving  no  definite  indications  as  to  whether  it  is  an  upthrow  or 
a  downthrow  fault.  Thus  it  is  necessary  to  do  considerable 
prospecting  work,  and  to  drive  expensive  rock  tunnels  (dead 
work)  through  the  crumbled  mass  to  the  undisturbed  strata 
beyond,  before  drilling  can  be  done  to  prove  the  relative  posi- 
tions of  the  coal  seams. 


(2)  The  rocks  in  the  immediate  vicinity  of  the  faults 
are  badly  fractured  and  give  off  large  quantities  of  water, 
necessitating  the  installation  of  pumps,  air  and  water  lines, 
and  calling  for  an  increased  amount  of  power,  which  may  not 
at  all  times  be  available. 

(3)  Excessive  quantities  of  explosive  gas  are  encountered 
near  the  fault,  which  still  further  retards  progress.  A  certain 
portion  of  the  mine  is  ventilated  with  this  same  air  current; 
suddenly  numerous  small  gas  blowers  are  encountered  which 
impregnate  the  full  split  of  air,  and  without  warning,  the 
management  is  confronted  with  the  serious  problem  of  cur- 
tailment of  output,  until  more  adequate  ventilating  machinery 
can  be  installed.  The  distances  to  the  various  points  of  manu- 
facture are  great,  and  consequently,  it  takes  a  long  time  to 
secure  supplies.      (Men  acquainted  with  responsible  manage- 
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ment,  in  regions  like  this,  will  understand  the  meaning  of  this 
condition  of  circumstances). 

Under  similar  conditions  to  the  above,  gas  may  be  genera- 
ted in  quantities  as  large  as  6,000  cu.  ft.  per  minute.  This 
means  that  the  management  may  be  called  upon,  with  only  a 
moment's  notice,  to  provide  84,000  cubic  feet  additional  air 
per  minute  in  order  to  keep  the  development  work  going. 
This  excessive  generation  of  gas  may  not  continue  for  any 
great  length  of  time,  but  it  is  necessary  to  be  in  a  position 
to  meet  emergencies  of  this  kind  when  they  do  arise  under 
abnormal  conditions. 

In  the  meantime  the  working  faces  are  rapidly  approach- 
ing the  fault,  and  the  output  of  the  mine  is  likely  to  be  curtailed 
at  any  time. 

(4)  After  driving  through  the  fault  to  the  undisturbed 
strata  beyond,  systematic  drilling  proves  that  the  seam  of 
coal  is  in  a  position  either  above  or  below  the  grade  of  the  haul- 
age roads.  It  then  becomes  necessary  to  change  the  grades 
on  portions  of  the  established  roadways,  to  conform  to  the 
new  conditions  beyond  the  fault.  This  means  still  further 
delay  in  producing  the  desired  output. 

It  would  be  superfluous  to  go  fully  into  the  details  of 
enhanced  cost  for  which  such  conditions  are  responsible. 
Members  are  quite  capable  of  making  their  own  deductions 
in  this  respect. 

The  operative  losses  resulting  from  the  above  conditions 
may  be  briefly  classified  as  follows: 

1st.  Heavy  expenditures  on  dead  work. 

2nd.  Losses  caused  by  retarding  output. 

3rd.  Expenditures  on  installation  of  pumps,  water  and 
air  lines. 

4th.  Increased  amount  of  air  required  for  ventilation 
purposes. 

5th.  Increased  amount  of  power  required. 


NOTES  ON  PREPARING  PRELIMINARY  ESTIMATES 
FOR   COLLIERY   EQUIPMENTS.* 


By  N.  C.  Pitcher,  Lethbridge,  Alta. 

Part  II.  Mechanical  Equipment. 

Preliminary  estimates  on  machinery  required  for  a  colliery 
are  at  best  approximations,  for  machinery  manufacturers,  in 
many  cases,  vary  prices  according  to  the  keenness  of  com- 
petition or  the  state  of  the  machinery  market.  In  fact,  it 
often  pays  a  machinery  firm,  whose  business  may  be  slack, 
to  sell  at  a  price  which,  although  netting  no  profit,  enables 
it  to  secure  orders  and  so  keep  its  shops  employed  and  thus 
tide  over  slack  times. 

Most  of  the  machinery  prices  are  here  represented  by 
curves  showing  purchase  price  and  erection  price.  Take  for 
example  the  curve  of  horizontal  compressors — cross  compound. 
Here  we  find  that  the  larger  the  unit,  the  smaller  the  purchase 
and  erection  price  will  be  per  cu.  ft.  of  free  air  capacity,  im- 
plying that  for  low  first  cost  it  is  advisable  to  install  large 
units.  But  in  practice  it  is  a  well  known  advantage  to  use 
several  units  rather  than  one  large  one,  since,  should  at 
any  time  the  one  large  unit  break  down,  the  chances  are  that 
the  whole  pit  will  be  idle;  while  with  two  units,  each  having 
half  the  capacity  of  the  one  large  one,  and  one  breaking  down, 
we  can  still  operate  the  pit  though  at  a  reduced  output.  Yet 
by  arranging  in  the  case,  (say,  of  the  air  compressors)  our 
pumping   at   convenient   times,   stopping   the   blowing  out   at 

^    ,!  ^J^^  ^'■^^  P^'"*  "^^  t'^'^  P'^P®'"  ^as  published  in  Vol.  XVI.  (1913).  Trans. 
C.  M.  I.  pp.  477-485. 

Note— Calculations  in  this  paper  are  based  on  prices  obtaining  in  the 
Lethbridge  district.  Freight  charges  to  Western  Canadian  points  are  in- 
cluded in  the  estimates  of  costs. 

471 


472     Estimates  for  Colliery  Equipments — Pitcher 

the   faces   with   air,    etc.,    we    can    maintain    the    coal-cutting 
at  practically  the  average  output. 

Foundation  prices  have  been  based  on  concrete  at  an 
average  price  of  $8.00  per  yard.  This,  however,  will  vary  in 
each  locality  according  to  the  prices  of  cement,  sand,  gravel, 
and  labour. 

Labour  erecting  is  calculated  on  an  average  of  2  cents  per 
pound,  which  can  be  reduced  to  one  cent  or  one  and  a  half  cents 
per  pound,  if  an  overhead  crane  is  used  to  move  and  place  the 
larger  parts  of  the  machinery. 

Some  of  the  items  which  are  required,  but  which  are  not 
shown  by  the  curves,  are  as  follows: 

Box  Car  Loader.— Cradle  type,  $16,000.00  installed. 
Small  loaders,  either  belt  or  scraper,  $3,000.00  installed. 

Mine  Cars.— In  the  lignite  district,  $15.00  to  $20.00  per 
ton  capacity  of  the  mine  (9  hour  basis),  and  in  the  Crowsnest 
district,  $10.00  to  $12.00  per  ton;  the  difference  in  favour  of 
the  latter  being  ascribable  to  the  ability  to  use  larger  cars  and 
to  simplicity  of  haulage. 

Mining  Machines. — In  the  lignite  district,  $10.00  per 
ton. 

Air  Piping  for  Coal  Cutters. — In  the  lignite  district, 
$3.50  to  $4.00  per  ton. 

Hoists  for  Haulage.— In  the  lignite  district,  $5.00  to  $6.00 
per  ton. 

Track  Scales. — 150-ton,  steel  frame,  will  cost,  installed, 
including  weigh  house,  $3,500.00  each. 

Such  items  as  colliery  yards,  water  supply,  fire  protection, 
sewerage  disposal,  etc.,  are  so  dependent  on  the  location  of 
the  colliery  that  catch  figures  likely  to  be  much  guide  to  esti- 
mating, cannot  be  given. 
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Bankheads  and  Screening  Plants. — The  cost  of  tliese 
plants  necessarily  vary  widely,  depending  on  the  complexity 
of  the  machinery,  the  number  of  the  products  produced  and 
whether  the  framework  be  of  wood  or  steel.  A  steel  bankhead 
equipped  with  first  class  machinery  having  bar  and  shaking 
screens,  picking  belts,  separate  motor  drive,  etc.,  will  cost 
completed,  $35.00  to  $40.00  per  ton  capacity  in  9  hours;  while 
the  same  screening  plant  on  a  wooden  structhre  will  range  from 
$28.00  to  $35.00  per  ton  capacity  in  the  hgnite  district.  Again, 
in  the  Crowsnest  district,  where  the  screening  plants  as  a  rule 
are  simple  steel  structures,  the  cost  will  be  from  $20.00  to 
$30.00  per  ton,  or  in  the  case  of  wood  structure  screening 
plants,  from  $20.00  to  $25.00  per  ton. 

Steam  Ranges. — On  account  of  the  strict  laws  in  Alberta 
respecting  steam  ranges  and  boilers,  the  price  per  H.P,  of 
a  good  steam  line,  including  all  connections  to  engines,  re- 
ceiver separators,  steam  traps,  drips,  valves,  etc.,  should  be 
placed  at  from  $3.00  to  $5.00  per  H.P. 

Exhaust  Ranges. — With  all  engine  exhausts  connecting 
to  a  main  exhaust  range  and  connected  to  an  open  heater 
with  by-pass  to  exhaust  head  to  atmosphere,  the  cost  will  be 
from  $2.00  to  $3.00  per  H.P. 

Feed  Ranges.— ^1.00  to  $1.50  per  H.P. 

Blow  Off  Range.— U. 00  per  H.P. 

The  following  curves  are  self-explanatory,  and  are  in  each 
case  derived  from  a  number  of  pieces  which  have  been  sub- 
mitted in  actual  tenders  by  manufacturers: 
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The  following  plans  of  colliery  buildings  illustrate  the 
first  part  of  the  author's  paper  entitled  "Some  Notes  on  Pre- 
paring Prehminary  Estimates  for  Colliery  Buildings,"  pub- 
lished in  the  Transactions  of  the  Canadian  Mining  Insti- 
tute, Vol.  16,  pp.  477-485. 
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SOME   REMARKS   ON   GAS   IN   COAL. 


By  G.  a.  Lavoie,  Frank,  Alta. 

Rockij  Mountain  Branch,  Banff  Meeting 

It  seems  to  be  universally  admitted  that  the  deposit 
and  the  decomposition  of  vegetable  matter  were  the  con- 
stituting cause  of  our  coal  beds  and  the  gases  they  contain, 
the  decomposition  of  the  cellulose  under  the  influence  of  micro- 
organisms producing  in  different  quantities  carbon  dioxide 
(CO2),  methane  (CII4),  and  pure  hydrogen(Il2).  Simultaneous- 
ly many  organic  compounds  were  formed  whose  effect  was  to 
hinder  the  action  of  bacilli  and  prevent  fermentation  by  making 
their  medium  antiseptic.  Some  form  of  fermentation  probably 
produced  CIl4  in  abundance,  another  CO2  and  H2,  and  finally, 
either  by  dissolution  or  combination,  oxygen  and  hydrogen 
were  almost  entirely  eliminated  leaving  carbon  as  a  predominat- 
ing substance.  The  process  of  this  transformation,  however, 
has  not  as  yet  been  clearly  explained,  but  despite  this  fact 
the  micro-organism  theory  appeals  most  strongly  to  scientists. 

Distribution  of  Gas  in   Coal. 

Gas  is  very  unevenly  distributed  in  coal  beds,  some  parts 
of  a  seam  containing  much  more  than  others.  This  is  es- 
pecially noticeable  in  very  gasseous  mines,  not  only  in  the 
main  return  airways,  but  also  at  the  face.  Sudden  outbursts 
of  gas  and  coal  in  apparently  regular  beds  submitted  to  an 
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even  pressure  show  an  irregularity  in  the  quantities  of  the 
gases,  the  amount  liberated  in  some  explosions  being  entirely 
out  of  proportion  to  the  normal  quantity  occluded  in  the  coal. 
It  has  been  reported  that  in  an  explosion  some  thirty  years 
ago  the  gas  disengaged  by  the  projection  of  4,200  cubic  feet 
of  outburst  coal  was  estimated  to  be  at  least  100,000  cubic 
yards.  The  presence  of  blowers  or  gas  pockets  in  the  upper 
parts  of  the  coal,  or  in  the  immediately  overlying  strata, 
also  indicates  the  existence  of  certain  points  where  the  pressure 
is  greater  than  elsewhere.  This  irregularity  may  be  explained 
in  the  following  manner,  viz:  The  deposit  of  vegetable  matter 
which  gave  rise  to  the  coal  formation  could  not,  on  account 
of  the  relative  heterogeneity  of  its  constituents  have  an  even 
compactness  throughout  its  mass,  and  the  void  spaces  con- 
tained in  it  must  necessarily  have  varied  extensively  in  size 
in  different  places  according  to  the  manner  in  which  the 
fallen  vegetation  was  deposited.  The  gases  of  fermentation — 
which  the  premature  covering  up  of  the  veins  prevented  in 
great  measure  from  escaping — would  consequently  be  directed 
to  those  portions  of  the  mass  which  contained  the  largest  and 
and  most  numerous  voids,  thus  creating  an  uneven  distribu- 
tion of  the  volatile.  Under  the  ever  increasing  sedimentation 
the  coal  bed  would  be  subject  to  an  increasing  pressure  and 
the  occluded  gases  would  reach  a  very  high  state  of  initial 
compression. 

Effects  of  Gas  Compression  on  Coal  Texture. 

This  compression,  being  also  resistance,  could  not  but 
be  opposed  to  the  agglomeration  of  the  coal  in  latter  times. 
Hence  gas  had  a  great  deal  to  do  with  the  texture  of  different 
coals.  In  certain  sections  of  a  seam  the  planes  of  cleavage 
are  almost  imperceptible,  often  disappearing  altogether  and 
making  the  coal  crumby  and  dull  instead  of  showing  a  long 
glossy  grain.  In  the  intricate  system  of  the  cleavage  lines 
innumerable  small  joints  of  all  shapes  and  dimensions  greatly 
deform  the  coal  texture,  offering  to  close  observation  an  in- 
finity of  brilliant  facets  indicating  the  existence  of  particles 
simply  in  contact.     It  may  be  stated  that  generally  speaking 
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coal  high  in  vohilih-  is  I  lie  most  friable,  and  llial  haviiij^  a 
small  ji;as  i)orcoutaj;e  is  the  best  agglomerated  or  hardest. 
Through  aeeitlental  causes,  however,  coal  low  in  volatile 
may  have  been  made  very  friable:  such  is  the  case  at  the  Jasper 
Park  Collieries,  where  the  coal  was  crushed  through  contortion 
due  to  external  forces. 

Relative  Impermeability  of  Coal. 

Now  why  throughout  the  ages  have  not  gases  been  dif- 
fused more  evenly  through  the  coal  under  the  pressure  of  the 
superincumbent  strata?  This  is  owing  to  the  impermeability 
of  the  coal.  Experiments  made  in  many  coal  basins  to  measure 
the  pressure  of  the  occluded  gases  have  thoroughly  justified 
this  theory.  The  pressure  found  in  a  boring  by  means  of  a 
manometer  is  proportionate  to  the  quantity  of  gas  enclosed 
therein,  and  the  proportion  is  regulated  by  the  initial  pressure 
of  the  gas  and  the  area  of  the  zone  bled  by  the  drilling.  The 
importance  of  this  zone  depends  on  the  relative  permeability 
of  the  seam  at  the  point  under  observation,  and  also  on  the 
relative  importance  of  the  system  of  joints  through  which  the 
drilling  is  made.  Gas  pressures  as  high  as  42.5  atmospheres 
have  been  recorded  in  breastholes  made  in  the  immediate 
vicinity  of  other  holes  of  the  same  dimensions  in  which  the  gas 
pressures  were  normal.  Lyndsay  Wood  states  that  in  the  Horton 
Mine  a  drill  hole  giving  an  initial  gas  pressure  of  20.7  kilo- 
grams, was  still  giving  11.1  kilograms  eight  months  after. 
Messrs.  Fontenelle  and  Lecocq  after  a  series  of  experiments 
remarked  that  the  quantity  of  gas  exuded  from  some  fragments 
of  coal  exposed  to  free  air  for  many  hours  was  hardly  ap- 
preciable, although  the  gas  pressure  of  the  fuel  amounted  to 
many  kilograms  per  litre  keeping  the  grain  and  pores  under 
a  pressure  comparatively  high.  E.  E.  Bellington  (Trans. 
1912)  shows  a  percentage  increase  in  calorific  value  varying 
from  7%  to  0.5%  for  a  certain  coal  twenty-nine  years  old, 
and  this  difference  is  owing  mainly  to  the  decrease  of  carbon. 
These  facts  among  many  others  show  that  the  exudance  of 
gas  contained  in  coal  is  but  very  slow  in  all  cases,  and  that 
certain  masses  of  coal  are  practically  impermeable. 
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Factors  of  Gas  Pressure  in  Coal. 

Now  the  initial  or  latent  pressure  in  coal  depends  on  various 
factors : — 

1.  The  thickness  of  the  sedimentation  over  the  constitu- 
ents of  the  seam,  and  especially  the  limit  of  time  during  which 
the  first  sediment  was  formed,  in  other  words,  the  amount  of 
obstruction  opposed  to  the  escape  of  the  gas  products  of  the 
decomposition  of  vegetable  matter. 

2.  The  nature  of  the  cover.  Argillaceous  strata,  more 
slowly  penetrated  than  the  arinaceous,  have  most  probably 
allowed  a  more  complete  evacuation  of  the  gases  than  the 
latter.  The  objection  may  be  raised  here  that  with  sandstone 
roofs  the  exudation  of  face  gases  is  accomplished  more  readily 
than  with  shale  roofs.  It  is  the  author's  opinion,  however, 
that  this  is  due,  not  to  the  greater  amount  of  gas,  but  mainly 
to  the  violence  and  persistency  of  the  weight  of  the  former 
roofs,  the  latter  usually  breaking  short  and  so  releasing  the 
coal  from  a  part  of  the  gravity  forces.  Shank's  theory  on  the 
Coal    Creek    Mine  'bumps'  seems  to  corroborate  this  opinion. 

3.  Differences,  however  small,  between  the  constituents 
of  the  same  coal  bed  in  different  regions. 

4.  Residual  compression  and  tensional  stresses  due  to  the 
incomplete  massive  or  molecular  changes  in  the  measures 
during  the  ages  elapsed  since  the  crust  contraction  of  the 
Earth  began.  It  may  be  noted  here  that  the  initial  agglomera- 
tion of  coal  and  the  escape  of  its  gases  might  have  been  modi- 
fied in  the  course  of  time  by  geological  efforts  of  compression. 
These  efforts  have  produced  effects  of  different  kinds.  They 
have  destroyed  or  notablj^  diminished  the  cohesion  of  the  car- 
bonaceous particles,  and,  subsequently  to  the  crushing  of 
the  coal,  have  forced  out  a  portion  of  the  gas  which  now  ex- 
ercises pressure  along  the  planes  of  faults,  or  along  the  solid 
coal,  confining  the  crushed  or  contorted  zone. 
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Nature  of  Gas  Outbursts. 

We  shall  now  consider  briefly  eerlain  phenomena  of 
disintegration  suddenly  occurring  in  a  coal  mass  under  the 
pressure  of  occluded  gas,  namely,  explosions  without  fire. 
The  volume  of  gas  liberated  in  these  explosions  has  in  some 
cases  been  estimated  to  be  thousands  of  cubic  yards.  The 
quantity  of  coal  projected  or  simply  displaced  may  vary 
from  a  few  pounds  to  hundreds  of  tons.  These  outbursts 
occur  sometimes  without  w^arning — the  coal  within  a  restricted 
zone  is  violently  disintegrated  with  a  deep  clang,  and  a  torrent 
of  gas  and  dust  is  poured  forth  from  the  broken  mass.  These 
explosions  are  generally  preceded  by  w^arnings  very  familiar 
to  the  miner.  The  seam  is  detected  creeping,  small  fragments 
of  coal  are  shot  off  the  face,  the  gas  is  heard  hissing,  the  tim- 
bers cracking,  and  finally  the  explosion  occurs. 

In  working  cross-measure  drifts  it  frequently  happens 
that  the  coal,  by  reason  of  gas  pressure,  violently  bursts  out 
the  stratum  next  to  the  seam.  In  some  cases  the  seam  is 
partly  or  completely  exposed  before  this  outburst  takes  place. 
However,  most  of  the  gas  explosions  occur  where  the  coal  is 
actually  being  mined,  although  sometimes  in  the  absence  of 
the  miners  as  was  the  case  in  the  first  and  third  Bellevue 
explosions.  The  sudden  exudence  of  gas  and  propulsion  of 
coal  will  nearly  always  affect  a  whole  face  or  breast,  although 
it  is  frequently  limited  to  one  or  to  a  few  of  the  seam  layers. 

Ratio  of  Gas  Expansion  to  Coal  Resistance. 

The  gases  enclosed  in  the  pores  and  in  the  many  joints 
of  the  coal  have,  by  reason  of  their  expansive  force,  a  tendency 
to  cause  these  pores  to  burst  out  and  split  open  the  fragments 
in  contact.  The  resistance  opposed  to  this  expansion  is,  as 
has  been  said  before,  generally  variable,  and  depends  on  the 
degree  of  agglomeration  resulting  from  the  number,  extent 
and  disposition  of  the  joints  in  the  coal,  and  on  the  disposi- 
tion of  the  face  in  relation  to  these  joints.    As  soon  as  the  gas 
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pressure  overcomes  the  resistance  of  the  seam,  phenomena 
of  sudden  expansion  may  take  place.  A  block  of  coal  in  which 
the  pressure  is  greater  than  the  internal  resistance  must  neces- 
sarily disintegrate  violently  as  soon  as  a  face  or  breast  reaches 
it.  This  carbonaceous  mass,  impregnated  with  gas,  undergoes 
an  abrupt  increase  in  volume  and  produces  more  or  less  violent 
mechanical  effects  proportionate  to  the  quantity  of  gas  libera- 
ted. In  certain  cases  the  disintegration  is  only  partial,  hence 
the  numerous  differences  depending  on  the  circumstances 
accompanying  or  resulting  from  the  gas  outbursts.  As  far 
as  the  author  knows  the  Morrissey  mine  would  offer  very 
interesting  instances  of  such  outbursts,  whatever  their  causes 
might  be. 
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